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ABSTRACT

The West Flower Garden Bank, located on the outer
edge of the Texas-Loulsiana continsntal shelf at Longi -
tude 93°49.0° west and latitude 27°02.6' north, was in-
vestigated with respect to the subsurface structure of
the pre-reef pinnacle, the environment currently sur-
rounding the pinnacle and the carbonate sediments Laling
deposited on the bank.

Based on previous gravity work and on 3.5 kiz, 1
cubic inch air gun and bathymetric mrofiles taken durinc
this survey, the tomographic high iz shown to have beear
formed by the intrusion of a shallow salt plug,., The
central section of the dome is a collapsed area, flant=
on the cast, west and north by banks rising to wionin
10.5 fms (19 m) of the surface. Based on eroslienal or)
depositional surfaces of the bank, stillcstandn of oo

Gulf of Mexico waters during the last transgression
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were at 67-73 fms (121-134 m) sometime priocr to 13,000
vears B.P.; 40-45 fms (73-82 m) at 17,000-15,000 years
B.P.; 48-5C fms (89-90 m) at 14,C00-13,000 years B.P.
and 28 fms (51 m) 13,000-12,000 years B.P.

The Holocene sediments of- the bank are (1) a Diploriin-

Fme (19 m) to 27 fms

L

Montastrea~Porites Facies from 10,

(50 m); (2) a Coral Detritus Facles that interfingers

with the Diploria-Montastrea-Porites Fazcles at 17 fms

(31 m) and the Gypsina-Lithothamnium Facies at 27 tms

(50 m); (3) a Gypsina-Lithothamnium Facles from 25 fms

(A6 m) to 40-45 fms (73-82 m); (4) the lst Transition
Facles from 28 fms (51 m) to 50 fms (91 m); (5) an

amphistegina Facies from 40 fms (70 m) to 53 fms (100 mi:

(6) the 2nd Transition Faclies between Lthe Amphistejina

and Quartz-Planktonic Foraminiferal Facies; and (7) a
Quartz-Planktonic Foraminiferal Facies from 50 fms (91
to the surrounding shelf.

The scleractinian members of the West Indies coral
reef community capping the pinnacle are, in order oI

their decreasing abundance, Diploria strigosa,

Montastrea annularis, Montastrea cavernosa, Poritcs

asteroides, Madracis asperula, Mussa angulosa,

Colpophyilia natans, Agaricia agaricites, Agarici:

fragilis, Madracis decactis, Agaricia nobllis, Scolynla




wellsii, Oculina spp. and -Siderastrea sp. The coral

reef probably constructed the upper 100 feet (30 m)

of the shallowest pinnacle, indicating a growth rate

of 0.43 cm/year for the reef structure. The main
physical parameters controlling the lower limits to
which the corals can grow are the low temperatures,

low levels of illumination and water turbulence (i.e.,
mobile substratum) found on the 28 fms (51 m) terrace
during the passage of storm fronts. The lack of a

more diverse scleractinian fauna on the bank is thought
to be due te the length of time the planula stage teakes
to travel from the Veracruz and Yucatan reefs to the
West Flower Garden Bank.

The main coralline algae of the Gypsina-Lithotham-

nium Facles are Lithethamnium, Lithophyllum and Litho-

Qoreila. Together with the encrusting foraminifer
Gypsina, they develop nodules on the shallower terraces
due to the large waves generated during the summer
hurricanes and winter northers. They form free crusts
in the less turbulent waters found ai greater depths.

The Amphistegina Facies is composed of up to 25%

Amphistegina test. Scattered throughout this facies an

the deeper facies are outcrops of Cenozoic bedrock thart

are the source of the terrigencus l1lilithoclasts found in
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the thin sectidned samples. The Quartz-Planktonic
Foraminifers Facies is the deepest facies of the bank.
The guartz is derived from reworked Pleistocene beaches
and sand dunes. The abundance of planktonic foraminifers
indicates a lack of carbonater detritus working down-
slope from the shallower facies.

Although sparce coloniles of hermatypic corals are
found growing on Stetson Bank, 30 nautical miles to
the northwest, the East and West Flower Garden Banks
represent the northern 1limit of flourishing coral

reefs in the Gulf of Mexico.
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INTRODUCTION

The West Flower Garden Bank, located 107 nautical
miles due south of Sabine Pass at longiltude 93%49.0"
west and latitude 27°52.6' north (Fig. 1), was the
first bioherm along the Texas-Loulsiana continental
shelf to be positively identified as a coral reef
(stetson, 1953). Together with the East Flower Garden
Bank, they represent the northern limit of flourishing
coral reefs in the Gulf of Mexico. Their discovery
helped to establish the outer margins of all the con-
tinental shelves surrounding the deeper Gulf as potential
sites of carbonate depdsition.

This investigation examines the section of the
Texaé—Louisiana continental shelf bounded by latizudes
57949 '8 to 27°57'N and longitudes 93°44'W to 93°5%5°W.
The topographic high situated in the middle of the
study area, locally known as the West Flower Garden
Bank, rises to within 10.5 fms (19 m) of the surface
and forms a favorite fishing ground for snapper fisher-

men and an underwater paradise for scuba divers. %o



Fig. 1. Chart of the Gulf of Mexico giving the locations of the East and

West Flower Garden Banks.
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geologists, it-represents a site of active carbonate
deposition situated on the outer margin of a broad,
terrigenous continental shelf.

While the presence of carbonate bilcherms and
biostromes on the ocuter Gulf Coast continental shelf
has been known since 1937 (Shepard, 1937), knowledge
concerning the detailed distribution of living reef
building organisms and assoclated sedimentary facies
has been lacking. This publication describes the
bathymetry, subsurface structures, physical oceanography
and carbonate sediments of the West Flower Garden Bank.
These descriptions are used to construct theorieg on the
topography, Holocene sediment facies and origin of the
bank. It is hoped that the conclusions reached in this
study will be useful to geologists working with the
rock columnj; that it will assist them in delineating

ancient enviromments of deposition.



FREVIOUS WORK

Reefs and Carbonate Facies

In his book The Structure and Distribution of Coral

Reefs, Charles Darwin (1842) presented to the scientific
community the problems assoclated with coral reef mor-
phology and reef growth. His personal travels failed
to take him into the Gulf of Mexico, therefore his
classification of the Florida, Cuba and Mexico reerfs

is based on ships' logs and letters from friends. His
chart showing the worldwide distribution of coral reefs
referred to the reefs bordering the coastlines in the
southeastern Gulf of Mexico as fringing reefs. Dana
(1890) described reefs growing off Florida, Cuba and
Yucatan and stated that "the west shores of the Gulf

of Mexice, as well as the northern, like Florida, are
... without reefs” (p. 352). Alexander Agassiz (1888,
1894) described reefs from Cuba, Mexico and Flerida,
but like many of the early workers, he was more inter-
ested in the origin and morphology of reef structures
in the Gulf than in the sediment facies of the reef
complexes. Hellprin (1890}, in addition to discussing

the morphology of the reefs offshore from Veracruz,



Mexico, described the coral fauna and sediment dis-
tribution surrcunding these patch reefs. From tra-
verses made on Isla de Sacrificios located on the reefs
at the Port of Veracruz, he identified 10 species of
coral, described the effect of hurricanes on the reef
structures and postulated a rate of growth of 1.5 inches
{3.7 cm) per vyear for a few of the shallow water brain
corals.

Agassiz (18%94) devoted part of his Bahama Banks
study to the distribution of sediments on the Bahama
Platform. The Bahamas now rank as one of the most
thoroughly investigated environments of carbonate de-
position, with a few of the more recent works on the
sediment facles and reef structures being those by
Tlling (1954); Newell, et al., (1957); Newell et al.,
(1959); Imbrie and Purdy (1962); Cloud (1962) and

Storr (1964). Storr's paper, The Ecology and

Oceanography of the Coral-Reef Tract, Abaco Island,

Bahamas concluded that “the wide variety of reef

structures (in the Bahamas) ... is due to the combined
effect of geolecgical formations, direction of exposure
to wind and wave activity, tidal flow, underwater light
intensity, temperature and the factors of sedimentation

and salinity” (p. 88).



The acceséibility of Florida Bay and Florida Reef
Tract has permitted detailed analysis of their fauna,
flora and sediment facies by various authors (Vaughan,
1219; Young, 1935; Thorp, 1936; Ginsburg, 1957;
Taylor, 1960; Shinn, 1963, 1966; Taft and Harbaugh,
1964; Scholl, 19665 and Ball, 1967). Jordan and
Stewart (1959) identified the carbonate sediment
facies along the west-central Plorida shelf and noted
the presence of small, dead reef patches in 20-85 fms
(37-155 m) on the southwestern Florida continental
shelf. Gould and Stewart (1955) reported Pleistocene
coralline algal reefs from the same general area.
Ludwick and Walton (1957) reported reefs from the outer
margins of the Alabama shelf in water depths from 40
to 55 fms (73-101 m). These reefs were reported to be
in an intermediate stage between active growth and
fossilization and, like the reefs off southwest Florida,
had their most active growth during periods of lower
sea level, Jordan (1952) reported pinnacles capped by
coral reefs from the Middle Ground of the northwest
Flcorida continental shelf. Judging from his comments
on the dense fish population, these reefs are probably
still alive.

Following Heillprin's article in 1890, reefs in the

far western Gulf went unreported in the scientific



literature for.over 60 years. Recently, these reef
structures and their adjacent sediment facies have been
described by Emzry (1963), Morelock and Koenig (19€7),
Rigby and McIntire (1966), Edwards (1969) and Freeland
(1969, 1971). The Yucatan shelf, with its hazardous
reafs and shoals, has been studied in recent years by
Kornicker and Boyd (1962), Rice and Kornicker (1962),
Walsh (1962), Harding (1964), Folk and Robles (19&4),
Davis (1964) and Logan, et al. (192€9).

The mest comprehensive study of any carbonate
province in the Gulf of Mexico is that by Logan, et al.
(1969). They described the late Quaternary carbonate
sediments, coral reefs and banks of this area and re-
lated these features to the last transgression of the
Gulf waters across the Campeche Platform. From a
worldwide viewpoint, the most complete work on coral
reefs is that by Stoddard (156%). His paper, entitled
"Ecology and Morphology of Recent Cecral Reefs” summar-
izes the current viewpoints on reef ecosystems, the
relationship between Quaternary sea level and reef
topography and the importance of reef organisms and
reef-derived sediments in the construction of the reef
framework. Rezak and Edwards (in press) reviewed the

work on the distribution of carbonate sediments in the



Gulf of Mexico and presented a chart delineating the

coral reefs in this basin.

Sediments of the West Flower Garden Bank

The carbonate facles ass&ciated with the Flower
Garden Banks have been menlioncd by numercus sclentists
(Shepard, 1937; Carsey, 1950; Fkman, 1953; Gallsoff,
1954; Geodicke 1955; Gealy, 1955; Greenman and LeBlanc,
19563 Parker and Curray, 1956; Forman and Schlanger,
1957; Shepard, et al., 1960; Pulley, 1963; Pierce,

1967; Levert and Ferguson, 19¢9; Stoddard, 1969; and
Rezak and Edwards, in press). The most detailed
description of the sediment facles of the Flower Garden
Banks 1s the paper by Stetson (1953). Five of the
eight dredge hauls taken on the 1947 winter cruise of
the R/V Atlaﬁtis in the area of the pinnacles pro-

duced a mixture of corals, "lithothamnium™ balls and
shell fragments while the remaining three returned to
deck empty. Two of the four long cores attempted on

the flanks of the East Flower Garden Bank produced a
mixture of terrigenous and carbonate sediments. Sietson
failed to identify the encrusting algae and foraminifers
that were building the 'lithothamnium™ nodules, but did

state that they were living when recovered. Dead
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specimens of corals, identified =z Montastrea gyrosa,

Diploria strigosa, Porites actraclder and Madracis

mirobilis (sic), were recoverod in thieir dredge hauls.

Based on his samples, Stetson was able to divide the
Fast Plower Garden hioherm inte threce facles: (1) the
coral facies from 55 to 150 foot, (17-46 m); (2) the
n1ithothamnium™ ball facies on tThe terraces ab 138 to
160 feet, (24-49 m); and (3) the calcarcous and quarts
sand facies on the lower flanks of the pinnacle (Fig. 2
Parker and Curray (1956) identified 0 specles of
molluscs from the Flower Carden Boernks pius finger-like

colonies of Madracis mirvabilis. Mogst of these coral

samples were alive when collecled. Thev concluded that
the fauna is similar to, but isolatec from, the mein
West Indian coral reef community.

Pulley {1963) was the “irst *c repart that the
Flower Gardens weroe indeed flourishirg coral reefs. In
1961, with the assistance of scuba divers, he was able
to photograph and collect live corals from both the
'East and West Flower Garden Dunks. Flerce (1967) and
Levert and Perguson (1969) further substantiated
Pulley's findings by publishing rhotographs and short
descriptions of the corals and associated organisns of

the West Indian coral reef communits.
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Origin of the Pre-Reef Pinnacle

Darwin (1842) placed great emphasis on the struc-
tures upon which atoll, barrier and fringing reefs were
built. His system of reef classification allowed him
to divide the ocean basins iéto areas of regional sub-
sidence and elevation. Besides the three main types of
reefs, Darwin (1842, p. 3} states: "reefs also occur
around submerged banks of sediments and worndown rocks;
and others are scattered gquite irreqularly where the
sea 1s very shallow: +these in most respects are allied
to those of the fringing class, but they are of com-
paratively little interest.” If Darwin had known the
importance of glaciers on the Pleistocene and Holocene
fluctuations of sea level, it is doubtful that he would
have taken this stand on the importance of small,
juvenile reéf structures. For in the developmental
history of reef substrates and in the origin of their
structure lie many facts concerning the last regression
and transgression of the world's oceans.

Tn 1936 the U. S. Coast and Geodetic Survey con-
ducted a detailed survey of the Louisiana and Texas
continental shelf. Shepard (1937) analyzed this survey
and noted the presence of at least 26 pinnacles along

the outer portion of the northwest Gulf of Mexico
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continental shelf. Carsey (1950), using the unpub-
liched flow sheets of the 1936 U.S.C. & G.S5., contoured
the two features known as the East and West Flower
Garden Banks (Pig. 3). He agreed with the hypothesis
originally proposed by Shepard (1937) that salt
tectonics probably formed these pinnacles, but noted
that the state of Veracruz, Mexico, contains similar
features caused by igneous plugs. Stetson (1953),
while not rejecting the salt dome hypothesis for the
origin of the pinnacles, suggested that they were bio-
herms built during the last transgression of the sea.
He presented a profile of the East Flower Garden Bank
(Pig. 2) showing major terraces at 10, 30 and 62 fms
(18, 55 and 113 m). Geodicke(1l955) drew an analogy
between the Persian and North German salt basins and
the Gulf coast geosyncline near Galveston. He suggested
a genetic relationship between the proposed salt tec-
tonics and the pinnacles found along the outer Gulf
shelf. Gealy (1955), in her study of the topography

of the outer continental shelf, suggested that some

of the pinnacles on the cuter shelf might be relatasd to
salt domes, but hypothesised that erosional processes
formed most of the relief cobserved along the edge of

the shelf. Hydrographic charts published by Parker and
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Curray (1956} éf both the East and West Flower Garden
Banks were based on the 1936 survey, the chart published
by Carsey (1950), and sounding lines run by the trawler
Neva J. during their own survey (Fig. 4}). Their con-
clusions concerning sea level-stands will be presented
in more detail later; however, it is worth noting that
they considered the flat tops of the Flower Garden Banks
to be due to both erosional processes and cessation of
coral growth.

In 1956 Nettleteon (1957) conducted a gravity survey
of the West Flower Garden Bank. Based on 50 stations
situated over the mound and on the topography as pub-
lished by Parker and Curray (1956), Nettleton (1957)
states:

(1) The gravity anomaly is caused by a very large,
shallow salt dome quite possibly, but not
certainly, having a substantilial overhang.

(2) The Dome 1s shallow with a depth probably
less than 2,000 ft. deep and possibly very
shallow.

(3) The dome probably is without substantial thick-
ness of caprock.

(4) The shallow dome is genetically related to the

topographic mound.
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Figure 5 reproduces Nettleton's residual and calculated
gravity profiles of an east-west line across the top

of the dome and figure 6 shows his residual gravity
contours of the area. In his calculations he estimated
the source formation from which the salt dome originated
to be in excess of 35,000 ft. below the surface. Hs=
also speculated that due to the small geographical
dimensions of the central pinnacle, its relief was
probably due to a comblnation eof ercsion and coral
growth. Articles by Curray (1960), Phleger (1960),

Parker (1960) and Shepard (1960} in Recent Sediments

of the Northwest Gulf of Mexico review the literature

on the fauna, topography, and sea level fluctuations
on the continental shelf where the Flower Garden Banks
are situated. Levert and Ferguson (1969) published
a reﬁiew of previous work on the origin of the Flower
Garden Banks and presented several new profiles across

both banks.

Sea Level Fluctuation

Accurate bathymetric charts of the continental
shelf have permitted recognition of wave cut terraces,

ancient shorelines, depths to the tops of pinnacles
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and drowned river channels. These features have, in
turn, been used to postulate the sequence of events that
tock place during the last transgression of the Gulf of
Mexico across its shelves. With the development of the
3.5 kHz profiler system researchers acquire the abllity
to identify shallow subsurface structures beneath these
topographic features. This allows geologists to deter-
mine whether these structures were formed by tectonic,
ercsional, or depositicnal processes.

Carsey (1950) observed that the flatness of the
Gulf Coast shelf and the ''break off” in slope at
65 to 70 fms (119-128 m), as shown on his chart of
the Flower Garden Banks (Fig. 3) could be a product
of wave planation during a Pleistocene lowering of sea
level to 70 to 80 fms (128-146 m). From their contour
charts of the East and West Flower Garden Banks, FParker
and Curray (1956) noted that major tops of mounds over-
lying the west dome were found at 11, 30 and 40 fms
(20, 55 and 73 m). At 45 fms (82 m) they identified a
well developed terrace with a poorly developed terrace
at 25 fms (46 m). Parker and Curray (1956) published
a histogram (Fig. 7) showing the most frequently
occurring depths to the top of domes offshore from Texas

and Louisiana to be at 9, 31 and 45 fms (17, 57 and 82 m.
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They believed.fhat these tops were formed during still-
stands of the last transgression. Jordan and Stewart
(1959) described Howell Hook, a 65 mile long spit and
lagoonal structure situated between 75 and 100 fms

(137 and 183 m) and a smaller-spit at 68 fms (124 m’
along the southwestern edge of the Florida continental
shelf. These spits, together with a similar feature

at 30 fms (55 m) (Gould and Stewart, 1955) were attrib-
uted to stillstands during the last transgression at
90-100, 70 and 30 fms (165-138, 128 and 55 m) respective-
ly. Moore and Curray (1963) examined three low fre-
quency continuous reflecting profiles across the con-
tinental shelf off Louisiana and Texas and concluded
that the shelf terraces were built by processes of up-
puilding and outbuilding with local modifications
caused by salt tectonics. Because of the low resolving
power of their arcer system, they were unable to de-
lineate the shallow structures. This prevented them
from correctly evaluating subareal and submarine ero-
sional structures formed during the last low stand of
sea level.

Curray, in Recent Sediments, Northwest Gulf of

Mexico (1960), examined bathymetric charts, reworked

Pleistocene and Holocene sediments, environmental



processes and carbon 14 dates from shells found on the

NW Gulf shelf before deriving a seguence of events for

the last transgression (Fig. 8). Briefly, his sequence

of events are:

(1)

(2)

(3)

(4)

Prior to 18000 years B.l. A 65 fmg (119 m)
stillstand of the Gulf of Mexico based on:

(a) the edge of the shelf, as defined by an
increase in slope, is found at this depth and
no terraces are found below 65 fms (119 m) in
the northwestern Gulf; (b) the presence of
basal sands at this depth; and (¢} the base of
high erosional escarpments at this depth.
18,000 to 16,000 years B.P, A stillstand of

45 fms (82 m),

16,000 to 12,000 years B.P. A continued still-
stand at 45 fms (82 m) with a slight reversal
to perhaps 50 fms (91 m). The 50 fms (91 m)
stand is based on the presence of low escarp-
ments at this depth and the pinnacle planation
described by Parker and Curray (1956). Towards
the end of this period the sea rose to approxi-
mately 25 to 22 fms (46 to 40 m).

12,000 to 10,000 years B.P. A high of 25 to 22
fms (46 to 40 m) at the beginning of the period

based on the sediments, submerged channels and
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barrier bars at this level. Between 12,000
and 11,000 years ago the glaciers readvanced
across portions of the Northern Hemilgphere,
lowering the seas to 35 fms (64 m)} which in
turn forced the rivers along the Texas anc
Louisiana shelf to erode new channels. At
11,000 to 10,000 years B.P. the Gulf waters
warmed bringing a new suilte of planktonic
foraninifers into the northern Gulf.

(5) 10,000 to 7,000 years B.P. The seas readvanced
to approximately 10 fms (18 m), then returned
to 21 fms (38 m) for a brief stillstand,
followed by a transgression to its current
level 7,000 years agoc. The abundance of banks
with their tops at 9 fms (16 m) suggests a
short stillstand at this depth during the
migration of the waters across the shelf.
Shepard (1960), van Andel (1960), Phleger ({19€0)
and Parker (1960), the other authors of the
volume, agree with Curray's timetable (Fig. 8).

In their detailed analysis of the carbonate sedi-

ments and bathymetry of the Campeche shelf, Logan et al.
(1969), proposed the following stillstands for the last

Quaternary transgresslon of the sea:
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(1) 18,000 to 13,000 years B.P. A stillstand of the
sea at 50 to 75 fms (91 to 137 m) based on
radiocarbon dates from shallow water carbonate
sediments, the presence of terraces along the
outer shelf and the -abundant lithoclasts in
the unconsolidated surface sediments found at
this depth.

(2) approximately 11,000 years before present.

A stillstand at 28 to 35 fms (51 to 64 m)
based on erosional terraces and the type of
sediments associated with those terraces.

(3) 9,000 to 8,000 years B.P. A stillstand at 16
to 20 fms (29 to 37 m) based on shallow
terraces, radiocarbon dates from shallow
water oolds and the presence of shallow water
sediments blanketing the shelf at this depth.

Ballard and Uchupi (1970) reviewed the literature

on the morphology of the United States Gulf Coast shelf
and found that three ancient shorelines could be
described. These are located at:

(1) 87 fms (11C m). During the lowering of sea
level 70,000 or 14,000 years B.P., coastal
spits and lagoons, offshore submarine canyons
and erosional stream valleys were formed.

These were preserved in the bathymetry of the



outer.shelf and upper slope as the seas
transgressed 14,000 years ago.

(2) 33 fms (60 m). They postulated that the sea
fluctuated arocund this depth 10,000 years E.P.,
forming a major ridge and valley complex from
Cape San Blas to the Dry Tortugas, a break in
slope eastward of Howell Hook, a cuspate fore-
land at 33 fms off Cape San Blas and a dis-
tinctive series of bulges in the 33 fms contour
from Cape San Blas to the Ric Grande.

(3) 22 fms (40 m). During the transgression from
the 33 fms (60 m) depth, the sea paused at the
22 fms (40 m) level. The land forms produced
during this stillstand have been modified by
the subseguent readvancement of the sea, pro-~
ducing an "intricate mixture of modern and
ancient surface.forms“ (Ballard and Uchupi,
1970, p. 5561}.

They mentioned the break in slcpe offshore from Texas
and Louisiana at 71 fms but failed to place any sig-

nificance in it.



TABLE
Stillstands of the Gulf of Mexico
During the Last Transgression

4
L

Authors Depth Time
Fathoms | Meters |Years Before Present
1. Carsey (1950) 70-80 [128-146 not given
2. Parker & 45 82 not given
Curray (1956) 31 57 not given
9 17 not given
3., Jordan & 90-100 |196~183 not given
Stewart (1959) 70 1728 not given
4. Gould & 30 55 not giwven
Stewart (1955)
5. Curray (1960} 65 119 |prior to 18,000
45 82 18,000-16,000
50 91 |16,000-12,000
22-25 40-46 (12,000
35 64 [12,000-11,000
10 18 {10,000-8,000
21 33 10,000-8,000
9 16 9,000-8,000
6. Logan, et al., 50-75 | 91-13718,000-13,000
(1963) 28-35 | 51-64 |11,000 |
16-20 | 29-37 | 9,000-8,000 !
!
7. Ballard & 87 110 76,000 or 14,000
Uchupi (1970) 33 60 10,000
22 40 8,000
8. this paper over 100 [over183 unknown
66-73 [121-134 |prior to 18,000
40-45 73-82 |17,000-15,000
48-50 89-50 |14,000-13,000
28 51  [13,000-12,000 |




PHYSICAL OCEANOGRAPHY OF THE WEST FLOWER GARDEN BANK

The value of any study dealing with an active en-
vironment of carbonate deposition lies not only in a
description of the sediment facies but also in a
description of the surrounding environment. By keing
able to identify the physical agents that control the
deposgition of calcareous sediments, the study will
assist geologists in their interpretation of the
hydrology and meteorology of ancient environments,
Unfortunately, the cost and difficulties of obtaining
physical oceanographic data from the West Flower
Garden Bank makes this cbjective difficult to meet.
Information from the Texas A&M Department of
Oceaﬁography, the Naticonal Cceanographic Data Center
and from conversations with Texas and Louilsiana sport
divers and fishermen gives only a sporadic coverage

aof this section of the Gulf of Mexico.

Water Temperature

Water temperatureslisted in table 2 are based on

bathythermograph data available from the National

]
(¥



UCTIRAISGCO IUOC UC PSR SobeIory,

- - «1°€2 - «1°€2 - - s 1 €2 IR ]
AR N 1°¥e 8 Ec 5°tc T %c 8Ttce 9'te 0*¥%e 8'ce IX
v*¥e §*L¢ g°5¢ vve 9L ¥ 9c ¥ ¥c S*LE ¥°9¢ X
1°cc €£°38¢ ¢ ve 8°LC g8*'8e c'8¢ L LT 6°6¢ 98¢ XT
6°T¢c Lz 1 1°*8¢ 8°6¢ 0°éc¢ T 62 7 0t L*6c TITA

- - *0° V2 - +1°8¢ - - xV ' EC TTA
£°0c¢ L*ce ¢ 1I¢ L*Ve 67,2 9°5e 9°9¢ 0*8¢ TL¢ IA
0*1c §*1Z £E*T¢ R T £°s¢ 0°G¢ 2°S¢ 1A T4 £ s8¢ [

- - +0° %2 - «8°2¢C - - +L°2¢C AT
28T £°0Z v et £°8T v*0¢ 876l 8§79t 9*'0c¢ ¢ 0c 11T
8°6T 6°0¢ Z 02 g8'6eT 2" 1e ¥*0c¢ 661 ¢ T¢ S*0¢ iT
9°6T1 5°ce ¢ 12 96T L*éc 2 1c 9*°6T L cc £*1e I
"UTH aba=ii uespy *UTH * e uesy *UTH *XEBN uesp

W 04 w02 SorIINg U3 U]
NiQ0p8C — 08l PU® M, 00,%6

- . 0LoE6 USsMlaq eoHIR Sl a0F I93us) eieq oTydeabouessp TBUOTIBRN SU3 WOIF BARD

yde zbowrsiyaoyseg

¢ d7IdvL

*goueyg USpJAeRs JIsMOTJd 82Ul o saanjeasdwsl Jo3eM ATUIUOK UESK



31

Oceanographic Data Center and records from Texas A&M
University for the area bounded by longitudes 93%30"

to 94°00' W and latitudes 27°30' to 28°00°N, an area
inclusive of both the East and West Flower Garden
Banks. The maximum temperature cbserved at depths
equivalent to the reef teps (i.c., 20 m) was 29.8%

and the minimum value was 18.13%C. Averages represent
the mean temperatures for the available data, but pre-
caution should be taken in judging these averages since
one cruise lasting only several days and msasuring only
one set of conditions might account for a majority of
the data. Figure 9 from Parker (1968) shows the mean
monthly temperature profile for 'the water mass above
the upper portion of the Texas and Louisiana continen-
tal slope betwsen longitudes 92°-.96% and latitudes

27°301-27°

50'N. The sporadic data awvailable suggest
that during January and February the mixed-layer depth
extends to approximately 100 m while the summer thermo-
cline varies in depth depending on the storm activity.
Dana (1843), Vaughan (1919), and others, have
noted the effect temperature has on the distribution of
coral reefs. Vaughan and Wells (1943) indicate that

the length of exposure time is critical to the coral

polyp. Unfortunately, this type of serial data are
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Fig. 9.

Graph of the mean monthly water temperatures
versus depth for the area adjacent to the
Flower Garden Banks (after Parker, 1968),
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very difficult-to ocbtain from a spot on the ocean
located over 100 nautical miles from the nearest land.
Parker (1968), in a quasi-synoptic study of the Texas
and Louisiana shelf, shows the amount and rate of
change of water temperature after the passage of a

cold front. Figure 10A is a vertical temperaturc
profile taken from the R/V Alaminos cruise 66-A-1 while
fiqure 10B is based on data taken on cruise H46-A-2,
15.7 days later. Figure 17 shows the course followed
on bolh cruises. During thes 15.7 days there was a

D ) . -
crop of over 1.57C iIn the water surrounding the Tlower

Gardens.

Salinity

Salinity variation in the water surrounding the
Flower Garden reefs is minimal and i1s characteristic
of an ocean environment with the measured salinity
values for depths equivalent to the coral reef ranging
from 35%/00 to 36°/00. Figure 11 (Nowlin, in press)
is a vertical profile made in March, 1962, that extends
along longitude 93°W from the Louisiana shoreline south-
ward to latitude 26.5°N and figure 12 represents two

vertical salinity profiles taken on cruises 56-A-1 ana
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66-A-2 that extend SSE from Galveston, Texas, to

180N, passing between the two reef pinnacles.

Light Intensity

Accurate measurements ofithe light abscrbing
properties of the water surrounding the West Flower
Garden Bank have not been made. Twe stations
{(Fig. 13) from the central Gulf of Mexico are thought
to be typical of the light intensity available to the
organisms living at various depths on the bank. They
represent ideal conditions during periods when clear,
oceanic water covers the area. Periods of high pro-
ductivity will greatly reduce the transparent qualities
of the water which, in turn, reduces the amount of

light available to the biota 1living on the bank.

Other Physical Parameters

Pigure 14 givas a January and August profile of
the oxygen content versus depth of the near surface
waters from stations close to the West Flower Garden
Bank. The summer and winter phosphate values for the
near surface waters located above the upper continental

slope are shown in figure 14. Values for the pH range
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from 8.22 to 8.27. Although the pH readings are of
questionable accuracy, they do indicate that a normal,

open ocean environment surrounds the bank.

Hurricanes

The dominant mechanical forces feor the destruction
of the reef and for the movement of carbonate sediments
from the reef pinnacle to the flanking beds are large
waves generated by the hurricanes that enter the Gulf
of Mexice. On the average 3 or 4 hurricanes enter the
Gulf every vyear and any one section of the Texas and
Louisiana coastline can expect fo be affected by the
winds from a hurricane at least once every 5 vyears
(Russel and Schueller, 1971). Waves generated by
hurricane force winds are difficult to measure, but
based on the radius of maximum wind, the barometric
pressure and the forward velocity of a hurricane,
Patterson (1971) was able to hindcast hurricane wave
heights for storms in the Gulf. Table 3 lists the
hindcast wave heights from hurricanes Carla, Betsy and
Hilda as developed by Patterson. Maximum wind speeds

were 84 knots for Carla, 83 knots for Betsy and 59 knots
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TABLE 3

Hindcast of Hurricane Generated Waves from Hurricanes
Carla, Betsy and Hilda.
Water depth is 50 fms. (after Patterson, 1971)

Distance from Wave Wave Wave Wave
eye Height Pericd Celerity Length
Naut. Miles Feet Seconds Knots Feet
Carla
180 31 15.1 49 1160
120 32 15.2 50 1150
60 43 14.6 45 1098
30 35 15.2 49 1188
0 4] 14.7 46 1105
30 42 13.6 41 945
60 45 14.2 43 1039
120 45 14.4 44 1043
180 43 14.3 44 1061
240 39 13.9 43 944
420 31 12.6 39 809
Betsy
30 47 14.5 44 1076
Hilda
30 25 11.1 34 631




for Hilda, farlbelow the maximum recorded values of
over 140 knots for hurricane Camille. In addition to
the wave heights for deep water waves as listed in
table 3, Patterson hindcast the maximum height of

waves produced by intersectirng wave sets in the area of
maximum wind. For Carla the maximum wave height in a
confused sea should have been 73 feet; for Betsy, 76
feety and for Hilda, 41 feet.

The ability of large, deep water waves to erode
sediments is shown in figure 15 (after Logan, gt al.,
1969). For deep water waves, the maximum horizontal
orbital velocities at the sediment-water interface
were derived from the equation u = wH/Tsinh k h (Inman,
1963) where u = orbital velocity, H = wave height,

T = wave period, k = wave number and h = depth. For a
smali, rapidly shoaling area like the West Flower
Garden Bank, the theoretical orbital velocities have

not been verified by direct observations.

Currents

The circulation of the water masses in the North-
waest Gulf of Mexico is poorly understood. From an
accurate study of the salinity and temperature dis-

tribution, Nowlin (in press) was able to identify
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geostrophic currents for this sectice of Llhe Gulf

for three time spans: <3-30 March 1956, 17-Zo January
1964 and 27 February - 2 March 1954, Ceostrophic
currents are based on the assumptlion that arn ocean 1o
infinitely large and deep, that it iz stratified

with respect to density, that somewhere below the
surface there is a layer of no motion and that the

only accelerations acting on the water masses are those
of gravity, Coriolis and the pressure gradient.

By being able to calculate the first two parameters
from known constants and by assuming a laver of no
motion, all one needs Lo measure at sea are the salinity
and temperature of the water. For the Gulf of Mexico,
geostrophic current calculations are of questionable
value since it is a closed basin, but based on a level
of nb motion of 1000 decibars, the currents as shown

in figure 16 are thought to be real currents., Remember-
ing that in the Northern Hemisphere currents flow
marallel to the contours, with the larger numbers on
the right as you face in the direction of the flow,
several Gulf of Mexico currents can be recognized. 1In
the eastern Gulf the Locop 1n the Yucatan Current
dominates the year round while in the western Gulf
there is a westward flow along the edge of the Campeche

Shelf, a northward flow offshore from the states of
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Fig.

l6.

Dynamic topo
to the 1000-

graphy of the sea surface relative
db surface, winter of 1962 (after

Nowlin, 1971). Contour interval, 0.05 dynamic

meters.
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Fig.

16.

Dynamic top
to the 1000

ography of the sea surface relative
_db surface, winter of 1962 (after

Nowlin, 1971). Contour interval, 0.05 dynamic

meters.
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Veracruz and Tamaulipas, Mexico, and an eastward flow
above the outer portion of the Texas and Louisiana
continental slope. Based on the three cruises men-
tioned before, Nowlin (in press) states: there is an
indication of a westward compenent to the north of the
castward flowing flank of this generally east-west
oriented ridge. This would place a wastward flowing
current over the Flower Garden Banks during certain
periods of the winter. Tt is Nowlin's belief that this
westward flowing current is not permanent, but is
dependent upon lower salinity waters on the ocuter
shelf. For the summer months Nowlin (1971) was unable
to construct a unigques pattern for the Texas and
Louisiana slope and outer shelf areas due to what he
believas are eddies from the ecastern Loop Current drift-
ing into the western portion of the Gulf.

Additional information on local currents around
the West Flower Garden Bank comes from in situ measure-
ments and observations made by divers. On cruise 70-A-
13 several vertical profiles of the current were made.
The current cover the edge of the bank was found to be
nearly uniform from the surface to the bottom at 200
feet (61 m) with an average velocity of 3/4 of a knot.

From persconal observations and from conversations with



other scuba diﬁers it appears that currents encountered
on the bank range from zero to over 1 knot. On one
known occurrence the current prevented a scuba diver
from swimming back to his research vessel. Divers
also report that the currents”vary with depth. Some-
times they extend from the surface to the reef top at
70 feet (21 m) and at other times the surface currents
die out at 20 to 30 feet {( 6 to § m}. The forces
driving the currents have not been isolated. They are
probably due to effects of tidal flow, winds and
geostrophic forces with any one force being dominant
at various times of the vear.

Parker (1968) in his guasi-synoptic study of the
water masses on the Texas and Louisiana shelf after the
passage of a cold front, found the shelf circulation
controlled by a large gyre of non-shelf water. For a
station 40 nautical miles SSE of Galveston, Texas, he
recorded a salinity increase of 1.5%/00 (Fig. 12} and
a temperature decrease of 1.4% (Fig. 10) during a span
of 15.7 days in January, 1966. The salinity increase
was not due to river runoff, precipitation or evapora-
tion. An increase 1in salinity of 1.5%/00 due to
evaporation would require evaporation of the top 30 cm

of a 12 m column of sea water, producing a decrease in

49
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o
water temperature of 25°c, Therefore, this water mass

must have come from another portion of the Gulf. Parker
suggests that the similarity of the water 40 nautical
miles from Galveston Bay with water 150 m deep and 100
miles farther offshore might “indicate that this water
upwelled onto the shelf. Another explanation for the
origin of this water mass is that it represents surface
conditions found elsewhere in the Gulf and that it
advected onto the Texas and Louisiana continental shelf.
Based on the surface density distribution of this gyre
(Fig. 17), either possibility may be correct.

Detailed studies spread out over several years are
needed before the circulation along the outer Texas and
Louisiana continental shelf can be understoocd with any

degree of confidence.
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BATHYMETRY AND QUATERNARY HISTORY COF THE BANK

Navigation

rs

In order to derive detailed information from a
study of the bathymetry and subbottom structures of the
West Flower Garden Bank, a new bathymetric chart was
prepared. Precision and accuracy of the ship’'s navi-
gation was the major problem encountered while sur-~
veying the 11 nautical miles long by 8 nautical miles
wide section of the outer continental shelf where the
West Flower Garden Dome is situated. The prime survey
was conducted during November, 1970, on cruise 70-A-13
of the Texas A&M University’'s R/V Alaminos. Three types
of electronic navigaticnal aids were onboard the R/V
Alaminos: two Bendix loran receivers, an omega receiver
and a satellite navigator.

While at anchor on the reef pinnacle, the satellite
navigator gave fixes accurate to + 150 feet. Underway,
the accuracy of satellite navigation decreased since
the unit could not compute the numercous course changes
and varying velocities of the local currents. For these
reasons it was not used as the primary navigational tool.

The omega navigator was not used since its fixes are, at
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best, good onlj to + one mile. At sunrise or sunset the
ionsphere shift produces even larger degrees of error in
this system. The original survey plans called for two
large metal buoys with wire radar reflectors to be
anchored on top of the highest mounds. These were o

be used as radar targets for the ship's radar.

The buoys, unfortunately, were difficult to discern
from sea scatter and the ranging ability of the radar on
the larger scales was nei’her as accurate nor as precise
as the loran A receivers.

While underway, each loran receiver was assigned a
separate channel. They were kept tuned to their
respective channels with readings taken every five
minutes during the bottom profiling and approximately
every 15 to 20 minutes during the 3.5 kHz subbotton
survej. Usually the sets could be read with an accuracy
of + 1 psec; i.e., + 0.11 nautical mile. Accuracy
decreased to + 2 psec. during occasional periods of high
electrical background scatter, while at other times it
was felt that the readings were good to + 1/2 usec.
The precision of the loran receivers was better than
0.05 nautical mile, but an exact figure was not obtained
during the survey. In addition tec the operator's skill

in reading the Bendix receivers and the distance between
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the lines of poéition, the American Practical Navigator
(Bowditch, 1967) lists the following factors that might
shift the accuracy of a loran fix:

(1) Synchronization of the master and slave stations,

(2) Uncertainty of travel. time of signals,

{3) Alignment of the receivers,

(4) Incorrect location of the transmitters,

(5) Plotting error,

(6) Errors in the loran tables and chart.
Synchronization, travel time and plotting errors were
thought to be negligible during cruise 70-A-13. The
location of the transmitters and tuning of the R/V
Alaminos receivers might explain why the satellite navi-'
gator placed the top of the reef approximately 300 yards
(91 m) south of the loran fixes.

A loran A grid of the 3H3 and 3H2 lines of positions
was constructed for the area of the Texas continental
shelf bounded by latitudes 27°49'N to 27°57'N and longi-
tudes 93°44'W to 93955-w via techniques described in the

American Practical Navigator (Bowditch, 1967) and The

Loran A Tables for the Gulf of Mexico, volumes 3HZ and

33 (Anon., 1967). Since the study area is only 8 by
11 nautical miles, the hyperbolic loran lines were

plotted as straight lines. In The Loran A Tables for the
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Gulf of Mexico, volumes 3H2 and 3H3 (Anon., 1967) the

fixes for 3HZ2 and 3H3 lines are rounded off to the
nearest tenth of a minute latitude and tenth of a
minute longitude. Therefore, the precise location of
the loran lines of position orr the base map may be

+ 0.05 nautical mile from where they were plotted.

Bathymetry

The depth recording survey was conducted over a
span of three nights, included 24 hours and 50 minutes
of ship time and covered 198 nautical miles at an
average speed of 8 knots. In addition to their
usefulness in describing subbottom structures, the 3.5
kHz profiles were used to fill in areas missed by the
depth recorder. This profiler was run for three nights
for a total fime of 34 hours, 38 minutes and covered
190 nautical miles at an average speed of 5.5 knots.

Most of the bathymetric traverses across the West
Flower Garden Bank were conducted parallel to either the
342 or 3H3 loran lines of position. On the resulting
grid profile lines are 3 to 4 usec apart.

The profiles following the 3H2 lines at nearly right
angles to the profiles run on the 3H3 lines. Whenever

the ship drifted off a desired loran line, new course



headings were adopted. In addition to recording loran
fixes, depth, time and ship's heading were recorded.
The ship's speed varied depending on the velcocities of
the local currents and winds. Since loran fixes were
taken every 5 minutes, 1t was mot considered necessary
to know and record the exact ship's speed during the
survey.

The final chart preparation reguired the replotting
of survey tracks based on the loran log and the course
headings recorded on the depth recorder printout. On
each whole minute the depth reading was transferred
from the recorder profile to the chart. The speed of
sound in sea water was taken as 800 fms/sec and no
corrections were made on the contour chart for shifts
in speed due to temperature or salinity changes. Such
changés, if present, would be minimal and would account
for considerably less error than that caused by the 6
to 8 foot seas encountered during the survey. On a
few of the traverses it was necessary to shift the
profiles slightly in order to make the intercepts match,
but no traverses were shifted more than 0.05 nautical
mile. A five fathom contour interval was used in Lthe
final chart (Fig. 18). Once contoured, all of the

bathymetric and 3.3 kHz profiles were checked in order to
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Fig. 18,

Bathymetric chart of the W.

Flower Garden Bank.
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insure a proper.and realistic fit of the records to the
bathymetric chart of the West Flower Garden Bank.

The West Flower Garden Bank is approximately seven
nautical miles long by five nautical miles wide. It
rices from the edge of the corrtinental shelf with water
depths of 55 fms (101 m) to the north, approximately
75 fms (137 m) to the south and 65 fms (119 m)to the east
and west. The main pinnacle, with over 55 fms (101 m)
of relief, rises to within 10.5 fms (19 m) of the
surface. Two miles to the west lies the second highest
pinnacle of the bank. It rises to within 27 fms (49 m)
of the surface and is separated from the first by water
depths of over 50 fms (%91 m). Small pinnacles, channels,
ridges and gully-like structures abound on the lower
flanks of the bank, producing the irregular topography

shown on the chart.
Seismic

3.5 kHz Technique

The high resolution continuous reflecting profiler
system used on cruise 70-A-~13 consisted of a O.R.E. trans-
ducer and transceiver linked to a Raytheon Precision

Fathometer Recorder. The transducer was towed at a depth
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of two fms from.the "ar frame located amidship. While in
100 fms each outgeing pulse covered an area extending
outward 309 feet from both sides of the vessel due to a
transducer configuration which produced a 559 beam

width (Lowell and Dalton, 19717. The speed of sound

in the sediments was assumed to be the same as the speed
of sound in sea water; i.e., 4800 ft/sec (Nafe and
Drake, 1963); therefore, the bedrock and subsurface
sediments may have thicknesses several times that shown
by the linear scale of the profiles. Maximum pene-
tration obtained from this system was slightly in ex-
cess of 150 feet (46 m) on the flanks of the dome with
little or no penetration of the coral and algal capped
pinnacle., Resolution varied from extremely poor to
better than one foot (0.3 m). The heavy lines on
figures 3 and 19 represent the locations of the profiles
shown in figures 20, 21, 22, 23 and 24. The saw tooth
nature of the sediment-water interface and the subsurface
reflectors is an artifact of the six to eight foot seas
encountered during the survey. Both the 3.5 kHz and
bathymetric profiles must have two fms added to the
recorder printout in order to compensate for the depth

of the transducers below the water line.
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Fig. 19.

Chart of the W. Flower Garden Bank showing the
locations of the seismic lines.
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Fig. 21. Subbottom profiles (A) AA' and (B) BB'. The
dark trace running the length of each record 1s
a printout of the ship's heading.

A, The important geclogical features in lina AA' are:

{1) southward dipoing beds at the ncrthern end of the
line; (2) northward dipping faults at 3.3, 3.4, 3.6 and
3.9 miles; (3) relatively flat top of the 25 fms pinnacle;
{4) northward dipping frults at 5.1 and 5.6 miles;

(5) mounds or ridges from 5.3 to ©.8 miles; (6) a fault
at 6.8 miles; (7) a narrow terrace at 7.3 miles and

{8) a buried erosional surface from 7.3 to 8.4 miles wikh
the seaward dip of the subsurface beds greater than the

dip of the unconformity.

B. Line BB' shows: (1) horizontal to southward dipping
beds at the northern end of the line; (2) =z buried ero-
sional surface at 0.8 mile; (3) a channel at 1.9 miles;
(4) northward dipping subsurface beds from 1.9 to 2.6
miles that generally parallel the sediment-water inter-
face; (5) irregular tepoygraphy from 2.4 fto 3.9 miles;

(6) southward dipping faults at 4.2, 4.7, 4.8 and 4.9
miles; (7) irregular subsurface reflectors in the central
collapsed section of the dome from 4.9 to 5.8 miles;

(8) northward dipping faullt at 5.8 miles; (9) southward
dipping subsurface beds from 5.8 to 6.1 miles; (10) south-
ward dipping fault at 6.3 miles; (11} small mounds from
6.7 to 6.9 miles and (12} a buried erosional surface

from 7.0 to 8.3 miles with up to 120 £+ (37 m) of
sediment covering the unconformity.
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Fig. 22. Subbottom profiles (A) CC' and (B) DD'. The
dark trace running the length of each record
is a printout cf the ship's heading.

A. Prominent geological features of- 1line CC' are:

(1) bottomset beds in the subsurface for the first half
milej (2) horizontal bedding heneath a buried erosional
surface from the northern end of the line to 2.2 miles;
(3) an irreqgular bottom and no subsurface reflectors
from 2.3 to 3.6 miles; (4) a northward dipping fault at
3.6 miles; (5) southward dipping beds at 3.7 miles;

(6) steep northern slope of the pinnacle at 4.0 miles;
(7) southward dipping subsurface beds at 4.7 miles;

(8) parallel bottom and subbottom reflectors from 6.0 to
6.2 miles; (9) an irregular bottom from 6.2 to 7.1 miles
and (10) a buried unconformity from 6.% to 8.3 miles with
the dip of the beds at a slightly larger than the ero-
eional surface and that some of the strongest reflectors
form the seaward slope of the small mounds.

B. Line DD' shows: (1) a 120 £t (37 m) pinnacle at 0.3
mile; (2) a buried erosional surface from 0.4 to 0.5
miles; (3) small mounds capping the 30 fms (55 m) pinnacle
at 1.2 and 1.3 miles; (4) small eastward dipping scarps
at 1.4 and 1.6 miles; (5) a depression from 1.6 to 2.8
miles; (6) eastward dipping subsurface beds from 3.3 to
5.3 miles; (7) small ridges from 4.5 to 4.7 miles are
outcrops of the strong subsurface reflectors; (8) rough
topography from 5.5 to 5.6 miles; (9) a scarp extending
from 55 to 90 fms (100-165 m) at mile 5.7; (10) sub-
surface and surface channels centered at 5.9 miles;

(11) an irregular erosional surface from 6.2 to 6.6 miles
and (12) a level shelf from 6.6 miles to the eastern

edge of the study area.
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Fig. 23. Subbottom profiles (A) EE' and (B) FF', The
dark trace running the length of each record
ig a printoul. of the ship's heading.

A. Profile EE' shows: (1) eastward dipping foults at

0.1, €.9, 1.3, 1.4, 1.5 and 1.9 miles; (Z2) the sediments
on ton of the erosional surface from 1.5 to 2.3 miles are
thinner than those to the east of the fault at 1.5 miles;
(3) cnannels at 2.3 and 2.6 miles; (4, irregular topog-
raphy between the channels; (5) an ecastward dipping burled
erosional surface stariing at 2.6 miles and (6) horizontal
beds at 4.0 miles. Westward these bheds develop an east-
ward dip and thin as they approach the area of irregular
topography. These same hads become foreset and topset
beds from 4.0 miles to the eastern edge of the profile.

B. Profile FF' shows: (1) the top 60 feet (18 m) of
sadiments at the western edge of the line start to wedgo
out against upiifted beds at 1.0 mile; (7) a broad channel
from 0.6 to 1.0 mile: (3) beds dipning to the west from
the western edge of the profile to 2.2 miles; (4) a
westward dipping fault at 1.2 miles; (5) an eastward
dipping fault at 2.2 niles; (6) drregular subsurface
reflectors from 2.2 to 3.2 miles; (7} a 120 ft (37 m)
high escarpment &t 3.7 miZes; (3) an eastward dipping
surface from 3.2 to 3.8 miless (9) a 60 f£t, (18 m) mound
on the eastern slope of the main pinnacle at 4.3 miles
and (10) an irregular surfece from 4.3 miles fto the end
of the traverszae.
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Fig. 24. Subbottom profiles (A) GG', (B) HE' and
(C) II'. The dark trace running the length of
each record i1s a printout of the ship’'s
heading.

A. Shown in line GG' are: (1) level sea bottom on both
ends of the traverse; (2) small, irregular mounds from
1.7 to 2.1 miles and (3) a channel at 2.1 miles.

B. Line HH' shows: (1) a sloning surface for the first
0.7 mile; (2) the reef structure from 0.7 to 0.9 mile;
(3) a terrace from 0.9 to 1.3 milesg; (4) southward
dipping subsurface beds from 1.6 to 1.9 miles and
{5) fish schools (dark traces on the record) in depths
between 10 and 20 fms, exclusive of the reef structure.

C. Line IT' shows ancother salt dome structure approxi-
mately 3 nautical miles to the south of the W. Flower
Garden Dome.
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1 Cubic Inch Air Gun Profile Technigue

Oon the November, 1969, cruise of the R/V Alaminos
(cruise 69-A-15), several low frecuency continuous re-
flection profiles were run across the top of the West
Filower Garden Bank. The energy source was a one cubic
inch Bolt air gur loaded to a pressure of 1600 psi anc
fired every three seconds. The returning signals were
received and recorded by standard technigues with the
final records filtered to remove ship nrolses. Unfortu-
nately, failure of the ship's officers to take a
sufficient number of fixes while underway considerablvw
reduces the value of these lines. Line RR' (Fig. 20)
was the single exception. Since the absolute rate of
sound propagation for the sediments surrounding ths weust
Flower Garden Bank has not been determined, 5000 fi/sec
was taken as.a working wvalue (Antoline, personal ccmmuni-
cation). Sediment thicknesses interpreted from the air
gun profile will, therefore, be minimum values. Besides
this shift in the speed of sound due to fhe sediment
characteristics, the record is complicated by multiple:z
and a broad outgoing energy train that tends to mask

shallow features and greatly reduces the resolvinc power

of the system.
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Results of the Air Gun Profile

The prominent structure shown by the alr gun profilc
is the large piercement body just to the left of center
on figure 19. This structure is the main salt plug
described by Nettleton (Fig. 5) with the top of the
salt 0.2 to 0.3 seconds below the sediment-water irter-
face. The highly irregular nature of the beds over-
lying the dom= is due, in part, to the collapse structures
associated with dome growth. Also indicative of the in-
trusive nature of the salt mass 1s the large Iincrease in
dip of the sediments as they approcach the dome. Second-
ary plercement structures located 1.5 and 2.5 nautical
miles ESE of the shallowest part of the main dome are
thought to be deep seated spines of the mein salt
dome. - The large fault seen in the subsurface separating
the two spines is reflected on the bathymetric chart as

the NW edge of the small mound 2.5 nautical miles ESE

of the coral pinnacle (Fig. 18).

Results of the 3.5 kHz Profiles

Halbouty (19267) describes the effect of shallow,
piercement salt domes on overlying sediments. The

complex faulting, graben and horst structures and
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steeply dipping flank beds, which ho agsoclates wilihn

found witnin the study zr=2z.  Tho

alt tectonics,

L

complexity and numoer of faults prohiblts the corstructior
of a fault man of the West Flowor Garden Dank. Instead,
selective 3.5 kilz and fathometer orofiles have bDesn
utilized to descrise the gzneral nature of the faulting
and block movernonts associated with the cnplacemont of
the salt doma,

Lineg A4, 37, CCt, DD', EET, B, &30, and T
shown on ficures 3 and 19 are frzcks of the 3.5 kiu
profiles. Theso profiles arc shown unbroxan in figqurss
21, 22, 73 and Z4. 3v combining thesc profiles with tno
bathymetric charit of the area, a comprchensive pilzture
of sall toectonics, erosion and deosositlion can he davelon-
ad.

In the following discussion of the JQuaternary
history of the bank, several basic assumptlons hava baon
made. Pirst, the longshore currents and wave regilne
of the Sulf of Moxico were basically the same during tno
lower stiilstands of the zea. From =2vidence pregsnted
by Curray (1960) thls avvears to nave been tha caso,
excent for short periods during the Fleiziocense wien

the prevailling winds may have been from the southyest

instead of the uszual southezst. Secondly, 1f The data
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from the dome are to be of any vaiue in Jdentifying
ancient sea levels, 1t must be ascumed that the dorno
has not moved gince the start of the last iransgrezsion,
Based on 211 the records from the area, this anngaris Lo
he a reasonable assumoticon. Mozt of the Taults do nos
extend into the late Pleistocene and Holocene zodimunic.
The only observed exceptlon ig the fault seen at 1.5
nautical miles on traverse Ei', but this ies believes 1o
have had if.s last movement while the Juaternary sa2di-
ments were being depogited since the sediments cvsrlyir -
the erosgional surface to the east of the fault ars
thicker than the sediments %o the west of the faul’.

Thirdly, 1t is assumed that the dates given by Turce s

(19£0%, Shepard (1950} and Logan, et al., (108G a-

correct and can be applied to the stillstands ol 7o
seas as ohserved on the West Flower Farden Bank.

Stillstand in excegg of 100 fms (162 m). Prior

tc the stillstand at A5 to 73 fms (121-134 m) th. 3alf
wateres stood at a depth of over 100 me. This s In-
dicated by the burled, seaward dipping erosional surfaces
shown in figures 21 and 22. No dates are available

from thisstudy or previous Gulf studics Tor this ‘owering.

Stillstand at 66 to 73 fms (121-124 m'. The first

major pause of the ocean durlng the lagi transgresslon



was at a

7F

depth of 66 to 73 fms (121-134 m). Evidence for

a shoreline at this depth includes:

(1)

(2)

(3)

(4)

a change in slope between 65 and 73 fms {12l-
134 m) on the bathymetric chart of the area.
Proceeding from southr to north, there is an
increase in slope and possible sea clifTs on
the seaward side of the dome and a decrease In
slope on both the eastern and western maragins
of the area.

a small terrace at 73 (134) fms on profile 22!
(Fig. 21).

a2 decrcase in slope as the shelf begins af
70 fms (130 m) on profile CC' (Fig. 22).

a sharp increase in slope and wedging ou~ of
sediments at 66 to 68 fms (121-124 =m) on the
western edge of the dome as shown on profilec

DD' and FF'* (Figs. 22B and 23B).

Curray (1960) and Logan, et al., (1969} place the 56

to 73 fms

(121-134m) stillstand at sometime prlior o

18,000 years B.P. During this period the Flower 3arden

Dome stoo

270 feet

d as a large mound along the coast with over

(82 m) of relief. To the west and northwest

of the West Flower Garden Dome a lagoon prokably

existed,

separated from the sea by a barrier bar with
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a tidal channel cut adjacent to the western edge ¢f the
structure. The northern extension of the dome might
have separated this lagoon from a lagoon and river system
east of the main pinnacle. The deep subsurface channel
Seen on line DD' and the present day channel outlined
by the 65 fms (119 m) contour suggest that durinc this
period a river discharged its load directly onto the
upper continental slope hetween the main dome and the
smaller mound shown on the contour chart. This might
have been the "Louisiuna" River described by Curravy
(1960). The smaller mourd to the east of the main one
probably was the western end of a barrier bar. Sedi-
ments from the river were carried to the west by the
longshore currents (Curray, 1960) and then offshors as
they approached longitude 93052'W. The acousticaliy
transparent sediments overlvying the buried erosionci
surface probably were carried into the area by this
drainage system and by longshore currents. Subaer-si
erosion formed cliffs, ridges and gullies on the Flanks
of the dome.

Stillstand at 40 to 45 fms (73-82 m). After *‘he

stillstand at 66 to 73 fms (121-134 m), the transgression
continued until the sea stood 40 to 45 fms (73-82 1)

below the present depth. A stillstand at 40 to 45 fug
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Stillstand at 48 to 50 fms (29-90 m). The evidence

for a stillstand at this level is not as strong as for * e
ones at £6 to 73 fms (121-134 m) and 40 to 45 frms (73 -

82 m), due, perhaps, to a shorter timespan for this ewver .
The evidence for this stillstand includes:

(1) a large terrace on the chart. This terro-= §:
not as level as the others and represents rore
of a depositional terrace than an erosicnal
terrace. Perhaps beach and dune sands deposits
during the 40 to 45 fms (73~82 m) stillstand
migrated downslope and were trapped kv the
rough topography originally covering this hori -
zon {Pig. 13).

(2) level, acoustically transparent sediments over—
lying horizontal beds at 50 to 52 fms on —he
northern edge of the mound (line BB', Fig. 21).

(3) ponding of sediments between peaks or ridges

Mo

between 52 to 55 fms on line BR' (Fig. 210,

(4) small channcls at 53, 57 and 59 fms on line ER
(Fig. 21).

(5) the development of topset, foreset and hettomnet
beds in the northeast sector of the stucy ares

(Figs. 272 and 23).



This slight regression and stillstand probaol:y
corresponds to the regression Shepard (1560) and Jurray
(1960) identified at 13,000 to 14,000 years before
present. The West Flower Garden Dome was onc largs islard
with small banks arocund its circumfercnce. The ar:2a he-
tween the two main poaks was probably a marsh or lagoon
with restricted openings to the sea at koth its northoern
and southern ends. Beginning with tre on-set of the ro-
gression, the "Toulsiana’ River probably crodec I1t:o
old delta and began redepositing sediments just to “ne
northeast of the study area. It rapidly Huilt hot zom-
set, foresel and topset beds across the northerr parct
of the study area. Lines 3B', CC' and EE’ show thess
delta denosits. Tidal and/or river channels devalopan
along the northern edge of the mound.

gtillstand at 79 fms (51 m). After the short re-

gression to 4% to 50 fms (89-90 m) the sea readvanced,
flooding the area te a level of approxinately 2t to

25 fms (51-46 m) below the present cca surface. TarTSOs
on both the main pinnacles as shown on the contour chnol
and lines AA', CC', DD' and HH' sunport the idea of A
stillstand at this level. On line CC' subsurfade Hedo
carn be scen dipning to the south wifth approximataly tha

same slope as the sediment surface from depths of 20 o
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-

27 fms (G4-43 m). At 27 fms (49 1) the beds have heer
eroded into a level, horisontal surface. Carbonabe
sediments oliscure most of theo subsurface reflcclors -
bencath the pinnacle tops.

A5 The seca transgressed across the shelf 13,000 ¢

12,000 vears B,I'. (Curray, 1940 and Logan, el ali.,
it eroded the lops of beds in the delta sequerc: S
northern sector of tho study area. Tho Lﬁo maln
pinnacles became either Zslands or a2n island and Zoanno]
depending on the exact level of the aseas. They wero
separated from the mainland Ly over 35 nautical riles of
onen shelf, The marire environment surrounding tho
West Flower Garden Islandé was pProesumably oceardic with
lowered salinity assocciated with periods of high ri-ror
runcff only rarely affectinc the study area. Winter
storms probably did not lower the water temperatires
much below 15°C. Sediment influx was restricted =e thooe
carbonate sediments being produced by the organisas
living on the firm substratum of the bank and the
clastics eroded from the unlificd sediments.

The sediments and coral ztructures nroduced o thoe
active West Tndian roef community flourishing on the

top of the pinnaclc chacure he remaining record of

the fransgressive sequence. kvidence available from



1

the West Flower Garden Bank neither supports nor denl:
stillstands at 35 and 9 fms (64-17 m) after the nau.c

of cea level at 28 fms (51 m)e.
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DESCRIPTION AND CLASSIFICATIOM OF THE CARRONATE SECRETIIG

CRGANISMS AMD DETRITAL SEDZMENTS OF THE BANK

Scleractinia

Fileld and Laboratory Techniugucs

The main pinnacle of the West Flower Garden Hank
culminates in an active West Indizn coral reef commun-
ity. In order to sample and photogrash the corals
living on the bank the author and his colleagues used
self contained diving eculpment, Dspths obtained
during scuba dives ranged from tne nase of coral heads
at 13 fms (24 m) to the terrace at 27 fms (50 m). Sirnce
these depths limit bottom time to 40 minutes or Laoss,
the collecting and underwater photography were spraac
out over numerous cruises betwecn 136% and 1971. Or
cruise 71-0-6 divers using Farallen underwater sccoters
surveyed the top of thne reef structure. Thils survey
permitted the author to secarch the area for coral

species absent from the Texas A&M Ocmancgraphy Depart-

1

ment's collection. The author snent 3 hours and 3
minutes on the bottom during crulse 71-0-6 but Zalled

to find any new species of scleractinlan. If additional



species are nresent they are rare and are only minor
contributors tc the total reer mass.
The first step in preparing the scleracitiniar

P

samples was removal of the soft tissue. Thisg wes
accomplished by hosing down bhe samples with hich
pressure water followed by a soaking in Sufferac Hiaann
for several days. Tdentification of the dif{cran:
scleractinian living on the West Flower Garden ool das
based on the key by F. G. Walton smith entitled ; tlanti

Reef Corals (1971). Publications by Vaughan =nal Wl s

—

(1943), Logan, et al. (1969), Roos (1964), Lavoral
(1947), and Moore (1956) were useful in unravellnd

the confusion presently permeating the sclerac-inlan
literature. Dr. Arnfried Antonius of The U. 5. latjioneat
Museum of Natural History in Washington, D. C. lscked
the identification and assisted J. Rannefeld asd the
aulthor irn comparing the corals from the West Flower
carden Reef with the specimens helonging to tho

gmithsonian Institution.

Classification of the Corals

A list of all known spacies of Scleractinia Iivine

on the bank and an account of thelr morpholoay 2ra



relative abundance is given below. No gquantitarive
studies of the Scleractiniz inhzabliting the bank have
been undertaken; the figures given are strictly Jusl-
itative estimates. Exceot for Ocuiina sop, deptnh range s
of all specles are essentially the same; from Tis roar
top at 10.5 fms (19 m) to the beginning of the andulzr
coverad terrace at approximately 27 fms (50 m), Coulira
spp. occurs down to the lower limits of the banc.

Phylium: Coelenterata

Class: Anthozon

Subclass: Hexacorallia

Crder: Scleractinia

X

Familv: Poclilloporidae Gray, 1842

Madracis asperula Milne Edwards & Haime

M. asperula grows in small clumps up to 3 feet
(0.9 m) in diameter. On top of the reef its Lranche:s
are short, stubby projections (Fig. 25A) while tre
colonies on the lower flanks of the pinnacle davelop
thinner branches. 0On long kranches, only the teimira.
2 or 3 cm are alive. The inner, dead sections of
branches are interwoveon with sponges, algas and -

varietv of wvagrant invertebrates. Although M. asperilc
Y =

is not as abundant zg some of the other Scleraciniea
b

the ability of its dead branches to break loose ‘rom o
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Fig.

Fig.

26A.

26B.

Underwater photograph of Madracis asperula
colonies (lower, left corner).

Underwater photograph of the author using a :
Farallon scooter. Photograph by W. W. Schroeder.
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parent colony makes this species an important con-
tributor to the sediments accumulating between the
larger coral heads.

Madracis decactis (Lyman)

M. decactis grows as thin, irregular crusts on any
solid substratum. It is a rére form with the cbscrved
colonies seldom more than 20 cm in length. Filgure 272
is a close-up of several M. decactis corallites. The
corailites of M. decactis and M. gsperula are Identical
in form, with the only observable difference between
the two species being the external morphology of =heir
colonies. This division is open to serious question
since it is possible that M. decactis colonies develop
branches and become M. asperula as they age. This
transformation would ekplain the lack of larger ccloniec
of M. decactis.

.Family Agariciidae Gray, 1847

Agaricia agaricites {(Pallus)

The calices of A. agaricites are arranged in sub-

"

parallel to polygonal groups separated by slightly
projecting walls. The two varities found in the area
are cressa, typically developed as encrusting or massive
structures with irreqular surfaces {(Fig. 28A), and

purpurea, characterized by the restricticon of the cups
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Flg. 28A.

Fig. 28B.

Photograph of Agaricia agaricites f. cressa
colony.

Photograph of Agaricia nobilis colony on a

Spondylus valve.







to one face of the c¢olony. Zeai shaped colonies of

A, agaricites f. agzricites which nossesses calices

on both sides of the tronds were nol. ockhserved. A.

agaricites is a commor coral of the West Flower Garden

Bank, but due to its cmall size, 1t 1s a minor cone-
tributor to the total mass of ke reef structure. 2.

agaricites usually orows o any Firm substratum bencath
g - N

or between the larger coral hondos.

Agaricia fragilis Dana

A, fragilis differs tror A. agaricites f. purpurea
in that the walls of i+ts czalices arae not as elevatad and
the collines are usuallvy longsr :nd mnore regular in
appearance, forming ccncentric to slightly undulating
bands. It develonz srall cocionies se2idom more than

e

30 ¢m across and usunlly orows hansath the larger coral

heads. A. fragilis i=s ncot =~z cormon as A. agaricites.
A i g

Agaricia nobilis Verrill

.

A. nobilis develops oz thin fronds or encrustations
with cuns on only one zide of the corallum. As mary as
7 calices are grouped Logsih=r in linear rows with the
expesed half of the colline nromruding above the level
of the coencsteum like ~mall buckets or pulpits

(Fig. 28B). It grows as rare, small coleonies attached

to a wide variety of surfaccs. It has been proposed
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to fan out around the base of thelr colony, occasionally
bridging the open space between adjacent domes (Fig.
29A). The surfaces of the Porites coral heads are
irregular with small, warty protuberances extending
outward from the hemispheres. No branching forms of
Porites were observed in the study area. Based on the

microstructure of the calices, both P. astreoldes

(Fig. 30A) and P. porites (Fig. 30B) are present

(Smith, 1971; plates 14 and 15). Since Smith (1971}
limits P. porites to the branching forms with secondary
emphasis vlaced on the type of columellae and pali, only

P. astreocides is listed as living on the West Flowsar

Garden Bank. Mature P. astreoides heads may extend 1C

to 12 feet (3 to 3.6 m) above the sandy zones flooring
the reef and may be 6 to 8 feet (1.2 to 2.4 m) in
diameter. It is an abundant species and plays an
important role in forming the reef structure.

Family Faviidae Gregory, 1200

Diploria strigosa {(Dana)

D. strigosa develops at least three different
varieties of wall and valley patterns (Figs. 314,
31B and 32B). It is one of the most abundant corals,
displaying heads up to 8 or 9 feet (2.4 to 2.7 m) in

diameter. Heads range from nearly perfect hemlspheres
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Fig. 29A.

Fig. 29B.

Underwater photograph of Porites astreocides
colonies showing the corallum bridging the
space between adjacent coral heads.

Underwater photograph of a Montastrea annularis
colony showing the shingle-like morphology of
the coral head.
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Pig. 30A.

Fig. 30B.

Photograph of Porites astreoides calices.

Photograph of Porites astreoides (Porites
porites?) calices.




. o, S —————
- o I 10 mm .



lol

Photograph of Diploria strigosa showing the
first of three valley patterns.

Pig. 31A.

Photograph of Diploria strigosa colony showing

Fig. 31B.
the second of three valley patterns.
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Fig. 32A. Photograph of Diploria strigosa showing the
third of three valley patterns.

Fig. 32B. Photograph of Colpophyllia natans colony
showing the valley pattern.
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to rectangles with rounded corners with any one head

colonised by one or more D. strigosa colonies. Small

colonies develop as flattened encrustations or small
domes on various types of substrata.

Colpophyllia natans (Muller) ©

Massive and encrusting colonies of C. natans in-
habit the reef, but they are seldom as large or as
abundant as D. strigosa colonies. Underwater this
brain coral can be identified by its wide valleys
(Figs. 33A and 33B) while in the laboratory the criteria
listed by Smith (1971) distinguish it from the other
species of Faviidae (Fig. 32B).

Montastrea annularis (Ellis and Solander)

M. annularis grows as large domes up to 10 feet
{3.0 m) across at their base and over 15 feet (4.6 m)
tall., It is very abundant, forming one of the main reef
builders on the bank. Figure 29B shows a 10 foot
(3.0 m) high boulder with small, warty protuberances
and shingle-like growth of the corallum. Figure 34B
is a close-up of the calices showing typical septal
arrangement.

Montastrea cavernosa (Linneaus)

M. cavernosa displays the same basic colony size

and shape as found in M. annularis. The two can readily
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Fig. 33A. Underwater photeograph of Colpophyllia natans
(bottom center), Diploria strigosa {center) and
Montastrea caverncsa (top).

Fig. 33B. Underwater photograph of Diploria strigosa
(bottom center), Colpophyllia natans (left
center), Montastrea cavernosa (top center)
and Porites astreoides? (top right).
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Fig. 34A. Photograph of Montastrea cavernosa calices.

Fig. 34B. Photograph of Montastrea annularis calices.
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be distinguishéd by the large size of the M. cavernosa
calices (Fig. 33A, 33B and 34A). It is one of ths
dominant frame builders of the reef.

Family Mussidae Ortmann, 1890

Mussa angulosa {(Pallas) -

M. angulosa from the Flower Gardens closely re-
sembles the description given by Smith (1971, p. 32).
The convex upper surfaces of the calices form "bushes
up to 4 feet (1.2 m) in diameter and the colonies
stand approximately 1 to 1.5 feet (30 to 46 cm) off the
bottom (Fig. 35A). It is a common coral and, due to
its tendency to break apart after death, it is an in-
portant contributor to the loose sediment of the reef.

Scolymia wellsii Laborel

Ay

S. wellsii was erected by Laborel (1967, p. 1.-12,
to describe -a new species of Mussidae from reefs off
Brazil. The only discrepancies between the publishecd
description of the Brazil specimens and the specirens
from the West Flower Garden are (1) the corallum of
the samples from the Texas shelf are patellate to
turbinate and (2) the color of the live individua’s,
as indicated by daylight balanced color photographs,
is sectorally arranged with the outer margins bkluec-

gray to greenish-gray and the inner polyp a darker greer
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Fig. 35A. TUnderwater photograph of a Mussa angulosa
colony.

Fig. 35B. Underwater photograph of several Scolymia

wellsii cups and a colony of Agaricila
agaricites (right center).
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to reddish~bro®n. The specimens in the Texas A&M
collection are readily differentiated from Mussa

angulosa as described by Smith (1971), Mussa lacera

as described by Roos (1964}, and S. lacera as described
by Laborel (1967) on the basis of the curved, inter-
cepting and lace-like mesh of the inner teeth on £he
higher order septa (Figs. 36A and 36B). Around the
periphery of the corallites all of the septa are solid
and the outer 1 cm of septa on some individuals is
thickened. This zonation in septal structure corre-
sponds to the two color zones of the living polyp.

The solitary growth form of S. wellsii enables a diver

to distinguish it from Mussa angulosa. Under crowded

growth conditions, the edge zones of adjoining corallitos
may be distorted (Fig. 35B), but the close spacing of
the two edge zones of the S. wellsii cups makes it
possible to separate this species from colonies of
M. angulosa (Fig. 35A). 3S. wellsid is a rare inhabi-
tant of the West Flower Garden Reef.
Family Oculinidae Gray, 1847

Oculina spp.

Fragments of several different species of Oculina
have been recovered by scuba divers and van Veen grab

samplers from the Flower Garden Bank. They are rarely
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Fiqg.

Fig.

36A.

36B.

Photograph of three Scolymia wellsii specimens.

Photograph of a Scolymia wellsii corallite
showing the intercepting and lace-like mesh
of the inner teeth on the higher order septa.






encountered in.the shallower portions of the reef. No
attempt was made to identify the different species of
Oculina since the fragments available do not contain a
sufficient amount of any cne colony to permit an
accurate determination of thes type of branching.

Class: Hydrozoa

Crder: Milleporina

Family: Milleporidae Fleming, 1842

Millepori sp.
Millepora grows as encrustations on any soclid,

pre-existing surface. Mature colonies develop knobby
to arborescent fronds. Its abundance makes it an
important element in the reef framework. Underwater,
Millepora is readily identified by its smooth suriace,
brown to greenish-brown color, and, most noticeably,

by its ability to sting.

Detrital Sediments

Field and Laboratory Technigues

Except for sample number 44, all of the sediment
samples used in the construction of the sediment facies
map ¢f the West Flower Garden Bank were collected by a
van Veen grab sampler. Sample 44 came from the 27 fms

(50 m) terrace adjacent to the coral reef and was

J\
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collected by scuba divers. Most of the van Veen samples
represent a single lowering of the grab; however, at
several stations 1t was necessary to lower the grahb

2 or 3 times before an adeguate sample was obtained.
Station locations were determined by loran fixes and

the water depths were measured either by the length of
wire played out during the van Veen lowerings or from
the depth recorder.

Once on deck the grab sampler was emptied into a
large bucket and subsamples were removed and sealed in
plastic bags. In the laboratory the samples were
placed in glass bottles and dried in an oven at 4C°C
for at least 24 hours. The samples were then remcved
from the glass containers and disaggregated. Sendy
samples could usually be broken up with only slight
pressure while the silty samples required a moderate
ameount cof tapping.

Aluminum keer cans were cpened at one end, coated
internally with an alcochcl base mold release compound
and used as disposable containers for the sediments
during impregnation by the plastic. The samples were
placed in cans and then placed under a vacuum in an
impregnating desiccator. The impregnating mixture con-
sisted of 500 ml of Plaskon 951, 25 ml styrene, & drops

of cobalt napthanate and 5 ml MEK peroxide. The
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procedure is aé follows:

(1) to a 1000 ml beaker containing 500 ml Plaskon

add 25 ml ligquid styrene and mix thoroughly,
(2) add 5 drops of cobalt napthanate and mix
thoroughly, g

(3) add 5 ml of MEK peroxide and mix thoroughly.
Caution must be exercised in handling the chemicals
since mixing of undiluted cobalt napthanate with MEK
peroxide produces a violent explosion. The vacuum
inside the desiccator forced the liguid plastic inte
the sediment filled cans through an opening in the
desiccator lid. Once the containers were filled, the
vacuum was released and the cans were moved into a
pressure vessel. There they were kept under 120 psi of
nitrogen for two hours or until the plastic has set,
If they were removed before the plastic was completely
cured, bubbles or strain cracks developed, depending
on the degree of hardness. Impregnated samples were
removed from the pressure bomb, the cans around the
sedimants discarded and the plastic cylinders placed in
a 30°C oven for several days. Thin sections were then
made by National Petrographic Services in Houston, Texas
via standard technigues.

Thin section analyses were 2erformed with a Zeiss

GFL polarizing microscope equipped with a J. Swift and
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Son automatic point counter. The polnt counting stace
automatically moved 300y between counts. If the cross
hairs of the microscope failed to intercept a particle
on the thin section being analysed, the stage was moved
another 300u. The crustose wvarieties of algae and
foraminifers and some of the larger sediment particles
exceeded 300n in length; therefore, the point count

does not represent the number of individuals present In
a sample. Instead, the count indicates the prcbability
of finding any one type of sedimentary particle relaziv:

te finding one of the other classes of particles.

Classification

The work by Majewske (1969) on the internal
structures of invertebrate skeletal material has nade
it possible to assign most sand size carbonate gralns
to the phylum or class to which the organisms belonged.
In the case of encrusting calcareous algae,-identi-
fication to the generic level requires thin sectioning
of the detrital material. Since the West Flower Garden
Bank is capped by an active coral reef and coversd on
its flanks by various types of calcareous sediments, &

facies map was prepared based on the most frequently



occurring sediment type as indicated by point count

of thin sections.

After a cursory examination of the sediments from
44 stations occupied on cruise 7J-A-13, 17 mutually
exclusive categories of particles were erected. Based
on their genetic origin, the carbonate particles were

divided into Lithothamnium, Lithophyllum, Lithoporella,

Amphiroa, Halimeda, Gypsina, Amphistegina, agglutinated

foraminifers, other boenthonic foraminifers, planktonic
foraminifer, coral, echinoids, worm tubes, molluscs and
bryozoans. The terrigenous fraction was divided into

lithoclasts and guartz grains.

Carbonate Secreting Organismns

Phylum: Rhodophycophyta
Class: Rhodophvceae
Order: Cryptonemiales

Family: Ccorallinaceae

Lithothamnium Philippil

The most abundant coralline alga of the study aresa

is Lithothamnium. Macroscopically it develops the four

growth habits Johnson (1964) described: simple crusts,
free crusts, crusts with branches or mammillae and

strongly branching forms (Pig. 27A). DMicroscopically



it can usually be identified by its calcified hvypo-
thailic and perithallic structures (Johnson, 1961). The
hypothallus normally is either simple, with curved
threads of cells that bend from horizontal teo vertical
(Fig. 37A) or plumose with cell rows that bend both
inward and outward from the center (Fig. 38A). Rarelw,
the hypothallus will appear to be co-axial with regu-
larly curved or arched layers of cells (Fig. 38C)
(Johnson, 1964). The perithallus contains verticeal

rows of cells that are smaller than the perthillus

cells of Lithophyllum. Conceptacles with numerous

apertures are present on many Lithothamnium crusts

(Fig. 38D).

Lithophyllum Philippi

Like Lithothamnium, Lithophvyllum grows as simple

crusts, free cr nearly free crusts, crusts with warty
protuberances and as branching individuals. TIn thin
section 1t 1s recognized by 1ts co-axial hypothallus
and by the horizontal rows of perithallus cells

(Fig. 38F) (Johnson, 1961 and 1964). Conceptacles

are rare and when present the plane of the thin secztion
seldom intercepts the aperture. Branching forms have

a well developed co-axial hypothallus covared by a thin

perithallus.
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Fig. 37A. Photomicrograph of a Lithothamnium sp. crust
*showing both simple and plumecse hypothallus and
perithallus cell structures.

Fig. 37B. Photomicrograph of alternating Lithothamnium
5p. and Gypsina sp. crusts.
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Fig. 38.

Photomicrographs of thin sections of coralline
algae showing: (A) Lithothamnium sp. conceptacle
and plumose hypothallus; (B) branches of
Lithothamnium sp.; (C) Lithothamnium sp. branch
showing co-axial hypothallus and vertical
rows of perithallus cells; (D} multiaperture
conceptacle, Lithothamnium sp.; (E) Litho-
porella sp. and (¥) horizontal perithallus
cells, Lithophyllum sp.
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Lithoporella Fosslie

In the study area, Lithoporella sp. grows only as

thin crusts on algal nedules. It can usually be
identified by its thallus, which is formed from a
single layer of elongated celils (Pig. 38E and 39B}.

No conceptacles were observed on these crusts. Unlike

Lithothamnium and Lithophyllum, Lithoporella was not

found fragmented and scattered about as loose sedi-
mentary particles. Both single and stacked layers of
elongated thallus cells are found in the algal ncodules.
Amphiroa Lamareoux |

This Corallineae is easily ideﬁtified in thin
section by its cecaxial medullary hypothallus which is
composed of arched layers of alternating large and
small cells (Fig. 39A). The perithallus is usually
very thin and generally lacks conceptacles. The sedi-
mentary particles indicate that the plant is composed
of slender, branching fronds. No living Amphiroa
were collected, but this probably reflects the need
for better sampling rather than its absence from the
present biota of the bank.

Phylum: Chlorophycophyvta

Family: Codiaceae
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Fig. 39. Photomicrograph of thin sections of

(A) Amphiroca sp.; (B) Lithoporella sp.;
{C) Textulariella sp.; (D) Textularia sp.;

(E) Amphistegina sp. and (F) agglutinated
miliolid,







Halimeda Lamourcux
The unigue characterilstic of the Flower Garden

Coral Reef is the nezarly total lack of Halimeda in Tho
reef and off-reef sediments. Of the 8600 point counzis,
only 5 poorly calcified Halinfeda plates were observad
(Fig. 40C). While diving on the recf, the author and
the other divers were instructed to collect samples of
all Codiaceae algae encocunterad, yet none have been
found. The only living specimen came from a van Jeen
grab sample taken in deep water on the shel® near the
study area. Halimeds plates were recognized in thin
section by their light-brown, cryptocrystalline
aragonite (Logan, ct al., 1969) and by their rough,
poorly calcified outer surface. None of the innexr
tubular structuras were preserved. The four sarples
containing Halimeda plates ranged in cepth from 43 fims
(77 m) to 55 fms (101 m).

Phylum: DProtista

Order: Foraminiferida

Gypsina plana Carter

Megascopically, the foraminifer Gypsina plana form

a smooth, white to grayish white crust on pre-existing
s0lid substrata. Tfn thin section the subrectancular

to polygonal chambers are separated by imperforate wall:
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Fig. 40,

Photomicrograph of thin sections of (A) coral
fragment showing sclerodermites; (B) mollusc
shell showing crossed-lamellar microstructure;
(C) Halimeda plate; (D) lithoclast with its

top half made up of a echinoid plate; (E} cross
section of two worm tubes showing gunsight

structures and (F) oblique section of a worm
tube.
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of Ffibrous crystallire calcite (Barker, 1964). & feou
individuals exhibit walls thnat are perforate (Logan, et

al., 1969). Gypsina plana may develop as single layors

of polygonal cells, it may Dbe several lavers thick and
alternate with crusts of caleareous algae (Fig. 37B), or
it may form a thick encrusting nass over the antire zur -

Face of a particle. Gypsinag plana particles range ir

depth from 10.% fms (19 m) to 63 Zms (113 m).

Amphistegina d'Orbigny

amphistegina ranges in size from less than 40U

long to over 172Cu by 885u. This genus is easily
recognized in thin section by its lenticular shap=z,
its thick walls and by its smooth gurfuce traversad v
numerous openings {(Fig. 3%E). Tn axial section the
chambers form a complex spiral separated by thick,
finely perforated walls. "They were recovered irn
samples from the reef top at 10.5 fms (19 m) to the
lower flanks of the bank at 64 fms (115 m). Living
specimens have been gathered from the sand flats on
top of the pinnacle. While no sttempts have boen

made to determine the maximum depth at which Amrhistegina

is living on the bank, attached tests of this foramin-
ifer have been observed on the outer surface of living
-

algal nodules and algal crusts 2t depths from 27 fms

(50 m) to 48 fms (38 m).
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Agglutinated Benthonic Foraminifera

Several species of agglutinated foraminlfcrs were
observed in the thin sections. Two abundant femilies
l1iving on the bank are Textulariidae and Miliolidae
(Fig. 39). They were easily recognized by their quartz
grains, their tests and by the arrangement of, thelr

chambers. They were recovered from depths of »13 fms

(A0 m) to 64 fms (115 m).

Other Benthonic Foraminifera

The most outstanding encrustirg foraminifers ars

Sporadotrema and Homotrema. Their red color anc massivo,

projecting tests make them readlly apparent on ths oubo:
surfaces of gravel size nodules and on the undersidesn o
coral colonies. None, however, wore observed ir thir
section. Numerous olher free living, benthonic forzmin-
ifers are present in the sediments but no attempt was
made to classify them. All bottom living foramirifer:

except Gypsina plana, Amphistegina and the agglutinated

£

species were counted in this columr. The classificallo:
of these organisms and their relative abundance is
presently being studied by Dr. C. Wylie Poag. Eentheni:
foraminifers are found at all stations occupled on

crulse 70-A=-13.



Planktonic Foraminifers

Whole tests and fragments ol tests of planktonic
foraminifers are found at all denths on the West Flower
Garden Bank. Their relative abundance in the sediments
depends primarily on the dilution rate of skeletal
material from the other calcium carbonate secreting
organisms. Specimens range in size from fragments less
than 40y long to over 1000p . The species present In
the sediments from this bank have not been identified.

Phylum: Coelentrata
Class: Anthozoa

Order: Scleractinia

Corals

The hermatypic corals have heen described in
another section of this dissertation. Tt is sufficient
to note that in thin section one genus can not be:
distinguished from another genus. Scleractinia fragment
can be identified by the minute needles of aragonite tnex
tend to fan outward from "centers of calcification”
towards adjoining centers (Wells, 1956). These Fiber
fascicles or sclerodermites are shown in figure 40A.
Depth ranges for the different soecies have already bezn

given. Coral fragments arc found from the top of the



reef down to the lower flanks ofF the bank.
Ehylum: EBchinodermaia

Class: Echincidea

Echinoids

Majowske (196%, D. 43) distinguishes echinoids

from other classes of echinoderms and from other phyla

by "the occurrence of spinas and sometimes by plates

which show a considerable range of texture = (Fia. 100D,

115

I,ike all echinoderms, the zlates and spines of echinoics

extinguish as single crystals when viewed in axial
section under crossed nlcols. The large pores n the
plates also serve as 2 diagnostic characteristic. On
the West Flower Garden Bank, they are found Living an
top of the reef at 10.5 fms (19 m) down to dentns
greater than 54 fms (115 m).

Phylum: Annelida
wWorm tubes

Annelid worm tubes are compesed of chitin,

phosphate and calclum carbonate (Majewske, 19€72). The

are found at all depths and develon as encrustations
on form substrate or as free tubes (Fig. 407). In
thin section they appear =zs circular to rectanodlar

structures, depending on the plane ol the thin saction



and may or may not contain a "gunsight? structure in
the center of the tuke (Fig. 40B). The tubes ars
huilt of foliated calcite crystals and usually encruct

other carbonate sediments (Majewske, 1969).

Phylum: Mollusca

Mollusca

Originally an attempt was nade to count thasa
particles on 2 ¢lass level, but the fregmentcd nazurs
of the grains and the destruction of the original
microstructure by boring sponges and algae (Fig., 4030
forced the lumping of the classes 1nto a phylum

category. Majewske's book, Recognition of Invertebroto

Fosgsil Fragments in Rocks and Thin Section (19£48)

describes in detail the different microstructures found
in the shells of the different classes. A partlel
listing of the molluscs from the Flower Sarden Penks
has been published by Parker and Curray (1956). Mol u-~

can remaing range in depth from 10.5 fms (19 m) to cwver

64 fms (115 m).

Phylum: Bryozoa

Bryozocans
Bryozoans are rarely seen In the thin secticons of

the sediments from the bank. They are, however,
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commonly found growing on the under sides of coral
colonies and encrusting mollusc shells. Majewske (1963)
lists several criteria for distingulishing bryozoans

from corals and coralline algae. Tn the samples studi=d,
bryozoans were recognized by -their small chambers and

the "compass-needle +type of extension produced Iry the
cone-in-cone calcite plate structure of their walls
(Majewske, 1969). They range 1n depth from the top of
the reef, where they have been observed growing on
corals, to the lower limits of the bank at 64 fms

{115 m}.

Inorganic Particles

Lithoclasts

Tn thin section lithoclasts range in size from
medium sand to fine gravel and in roundness from angu-
lar to poorly rounded. They are dark in color and
usually contain numerous silt size shell fragments
surrounded by a muddy matrix. Lithoclasts are found

in depths from 27 fms (50 m) to 63 fms (113 m).

Quartz

Ouartz grains range in depth from 27 fms (50 m) to

at least 64 fms (117 m)}, the deepest station of this
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study. They are thought to be -—he dominant seciment of

the shelf surrounding the West IMlower Garden Dark.

o

Guartz grains vary in size from fine =11l to coarse sani

and in roundness from very angular to well rounded.
They are easlly recognized in thin section by thelir

first order gray color under crossed nicols.

Items Not Categorized or Counted

Both encrusting and branching forms of the cal-~

careous alga Mesophyllum are praesent in trace amounts

in several thin sections. Encrusting [orms contailn
co-axial hypothallus and lavered rows of perithallucs
cells containing multi-aperture conceptacles. In
short branching forms the hypothallus 1s poorly

developed and the perithallus shows irregular crowth

zones. Due to the plane of the thin sections, aperture:

were seldom seen. This makes 1t impossible to dis-

tinguish encrusting Mesophyllum from Lithophyllum.

This, combined with the lack of well devaeloped

perithallus layers, prevenis reliable segregation

of this form from Lithothamnium. Since 1t is imoossibnls

to segregate fragments of iInferiilec crusts of

Mesophyllum, these crusts have been counted as elther
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Lithothamnium or Lithophvllum, depending on the cerll

arrangement.

If a particle was unidentifiable due to its =mall
size or voor preservaltion 1t waszs nol counted. Some
identifiable iltems that were -ocbhfervad but not cocunted
due to their smnall sige and rarity werzs soonge ssicalos,
holothurian spicules and octocoral spizules. Colls w0

pellets were not observed.

Point Count Results

The relative freaguency of occurrence of the 17
classes of sediment particles as indicated by poinath
counts for the staticons shown in figure 41 are glvon
in table 4. In table 4 the stations are groupsd inta
7 suites bazed on the freguesncy of occurrence of the
dominant sediments. The Coral Detritus Faclies —oah=lnn
a scdiment suilte composed of at least 50% cora2l, the

Gypsina-Lithotnamnium Facies 1s composod of S0% o» nore

encrusting foraminifers and alcoee, thoe Anphistegina

Facles contains at Jeast 10% Amrhistegina and 10% ox

less nlanktonic foraminifers, ard the Quartz-Plzancbtonic

FPoraminifers Facles contains & mindimum count of 17+

cuartz and 10% olanktonic foraminifors. The two othes
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Fig. 41. Chart of the sample stations.



B L 4 »1. ar (1] v
v R o R I P e T
—‘ L i
X P e Le
) “ ; i
foovzurr o g eepe -
TR N
oo
. _
v
A NFGHYY -
I HIMOTS  LSIM
1 (
— - |
| e S
- Da, i '
| IRERS - _
= G
| :
i
i \
N - .
T
_ £ [ . -
Va
_ _. o
| |
B . y
I
— L Fue R
S
ﬂtn
e — [H
g X
Snp “Ep Cmp
- L
EWER Tt LTI
) L
LI one Fug
. \
o 4 . H L
|
| #
| ... g s
g & ] &
el F o A mr  ay o v o e o ar am am ar an S De ar am am am am am am S S Bt 2 o
e e aiE oy L ar a o5 = 2 £ e 6L




TABLE

b,

Point Count Results,

Coral Gypsina- ien

Debris Lithothamnium Trans.

Facies Facles Fac o
Lithothamnium ZE1 B8 50|92 1001108 117|207 7103 |20 |k
Lithophyilum 3 ol1iej 61 13 7 & 35; 121
Litheoporella 1 11 91 &) 141 21 14 1SE 7

|

Amphiroca a c| 9] 0O 10 1 0 ) 1?%
Gypsina 6: 13111733 331 12| 35 142 <4 |1
Pl. Forams 1 ol 20 1] 1) ol ai s
Benthonic Feorams 1 G| 3| 1 3 5l 2 2 a.lﬁ :
Coral 13611911129 11 45; G 1 13 % |~
Echinoids 1| ol 2| 3| 3| 1| of 2| o
Worm Tubes sl ol77i21| 9l 15| 18| 8 11?1
Litheclasts 5 o Oy 0Q 4’ O G 0 )I
Mollusca o\ ol 2] 3| 8| 3t 37 % %E e
Quartz >l ol ol 2| ol ol of 5 o1
Agglutinated ;

Forams 1 ol 0] 1 ¢ 1 0 7 1, a
Amphistegina ;

Forams 0 a1 9] © 0 a 0 0. 30
Bryzoans 0 o 0ot 1 0! 0 0 O; 00
Halimeda 0 0 O O 0 0 0 Oa c, 0
Sample No. 20| 4445141 3 : 421 4 7 27 |

i




TARLE

!y
b

Foint Count Results,

hmphistogina Faclies
Lithothamnium £3,681 5060511755550 43.3? FrT}f
Lithophyllum 7005 31 &1 2 27 21 13 li :
Lithovorella 2l 1 s ool o4l 3] o] 7 2{ g
Amphiroa 70 o ol o o| of ol o| ol )
Gypsina 21 4] 2 ﬁ: S, 5] 4|10 4
Pl. Forams af a4l 7| 7| sl 1| 10| & | ¢
Benthonic Forams li1&e| 4] 9| 3 & 1y17] &5 2| =
Coral 181204812925, 14124| 5|39 10|48
Echinoids 101G &|13|1Cc] 2| 2|21 24 ﬂi}
Worm Tubes 13 471611215 ?:15 7 lCil? 1
Lithoclasts 6 81 57 1| & 10521 4] 3 F
Mollusca 3423|121 | 23124117 8|16 SLITLE
Quartz 20 1] 01 O l. O 1t 20 21 O] 02
Agglutinated ‘
Forams 11 O 4 20 21 5] 5] 01 81 ¢ ii
Amphistegina _ _ g
Forams 201281 30132133)45142149136| 26| 20]:¢
Bryzoans o 41 © 1) ¢ 1| 1t & ap ¢ C! "
Halimeda O 21 O O ¢f & ¢ 2] 0 0
Sample No. S| 91 3812612411430] 835" 24|37 3%
|
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TABLE 4,

Point Count Results.

N
Zznd Trarsiticr Tactos
Lithothamnium 22 (39|52 a6 ] 262 I
Lithophyllum o ¢! &1 1 fg 2
Lithoporella Gl «¢ 1| 1 hg 3
Amphiroa Gl il ol o F% !
Gypsina 3t 1) 3fin| 304
Pl. Forams 2412CH 8|12 23;1% 17
i
Benthonic Forams 171 S| 9 o] ii3plag?
Corzal 2842925 TiAL{I| V|1
Echincids 1€ 7117211 =1 02
Worm Tubes 2111412y 7 21172
Lithoclasts 112 21 41 31 4] 2
Meolliusca 45125136142 98121 ERAR .
Quartz 1 315 7 74?13 1341
Agglutinated i

Forams = o 7firjlzi < 3
Amphistegina ;

Forams aliefar{icyy 121440
Bryzoans sl 1] o 1 Eﬁ
Halimeda cl of o 0O ﬂ! 1
Sample NO. 3LF4A3| 21 (123401103101




TABLE 4,

Point Count Results,

quartz - Planktonic

Foraminifer Facies

i

Lithothamnium 5111825019 3120 121 2L 11| 2 131.|
Lithophyllum 1 of o} o o 2 1} 33 O & =2
Lithoporella 1| of ol o} 1| 0] 0 1 0O 2 li
Amphiroga ol of o] of of of of of 1! of o!
Gypsina 1| Q| 4| O 13 2| 5} OF L 1 !
Pl. Forams 21|33|23l48| 27 a0] 27 41| 37|a2] 20 3
Renthonic Forams 8113112128 25|17 15i{18] 30|12 2
Coral 261421281 2121 8 724 Z| 911
Echincids 120 6] 2118110 1111616, 1% o1lz |1
Worm Tubes 7115|12| 9|12 {13} 8 8 162 s 1
Lithoclasts 1| 313 1| 7] (11| 1 EI 50 1
Mollusca 1911539 (32127 |38 3511G) 32 QFIBF
Quartz oa|27|28 28| 20 |29] 36 |38] 41 ja1 |48 0
Agglutinated Forams 81 71 5|12 41} 4; 51 5116 ]2511
Amphistegina Forams 18|16 9 3] 411|121 4] 3 6:12
Bryzoans it st olof ey 2p 1 2 0Df *
Halimeda 1| 0l 0l Cl C{C] O O] C 0: n
Sample No. 3332123 19|18 [22|17 (36|12 | & |10 |3

L



suites are transition faciles between the Gygsina—

Lithothamnium and Amphistegina Facics and the

Amphistegina and CQuartz-Planktonic Foram:nifers

Facies. Figure 47 1s a graphic display of pert of
table 4 showing the frecuency of occurrence of coral,

1ithothamnium, Gypsina, Amphistegina, planktonic

foraminifers and quartz at the different stations.

In order to determine the validily of the saven
sediment facies, chi scuare analyses were performed on
+he sediment counts. In the analvysls of the West
Flower Garden Bank sediment faciles, a significant chi
square number for any of the within tables indicates o
large degree of variability among the stations within
that facies while a large (i.e., significant) chi sguaz:
number for the between table indicates a large varia-
bility in the sediment compositions between tho ciffer-
ent facies. Table 5 lists the within and between chi
square values. Since the wvariability of both the sur
of the within values and the between values is large,

a Fisher's F test was employed to cetermine which of th-

fwo groups contalns the greatest degree of variunce.

A highly significant F value of 22,3 indicates that ine
variability between the facies is much larger than the

variability within the facies. Therefore, the fecles
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TABLE 'S5

Chi-square and F-teslt Results.

All X~ wvalues are significant at the 99% level,

cox s legrees mean -
2 .
Division X freedon | scuare| ter
Total L7C7 o4’
Between Facies 1523 55 82,23
22
Within Facies (total) 2184 592 3.59
Coral Debris Facles 37 16
Gypsina-Lithothamnium Facies| 4€5 96
1st Transition Facies 101 16
Amphistegina Facies 614 176
2nd Transition Facies 298 112
Juartz-Planktonic
Foraminifers Facies HEO 176
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divisions based on the above criteria are legiti-

mate,
Figure 43 is a chart of the West Flower Garden
Bank showing the areal distribution of the coral,

Gypsina-Lithothamnium, Amphisifegina, Quartz-Plankionic

Foraminifers and transitlon facies.
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DISCUSSION

Definition of Terms

-

In the bkioclogical and geoclegical literature the
terms "community?® and '"facies™ have been used in =
variety of ways. For this study the term "community?”
is used to define a regularly recurring combination
of organisms. Logan, et al., (1962) subdlvided the
biocherms and biostromes developing on the Campeche
shelf into five zones or "bilotic communities.” Their
definition of the term "community" 1s “a group of
organisms, dominated by certain abundant and function-
ally important components, which is asscciated con-
sistently throughout a biogeographic region' (p. 144).
While failiﬁg to specify what made an organism
"functionally important,"” the geological nature of their
investigation suggests that the "important"” members
of a living community secrete hard parts and that these
parts are capable of being incorpcrated into the fossil
record. In this study the term "facies” defines a suite
of sediments that exhibits characteristics significantly
different from the other suites of sediments. It includes

all of the sediments being incorporated into the rock
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record, irregardless of whether they are organically
derived or reworked terrigencus particles. The facles
from the West Flower Garden Bank may, therefore, includ:
both the carbonate sadiments from the "blotic communi-—-

ties" described by Logan, et al., (19€9) and terriscenous

sodiments eroded from the pre-~reef pank or 1t may be

made up of only carbonate particles.

Introduction to the Sediment Facies

With the advent of scuba diving equipment it has
become feasible to study "in situ" the deeper facles
of coral reefs. In this investigation scuba eguipmont
permitted the author to investigate the Diploriz-~

Montastrea-Porites and Coral Debris facies, the

shallowest sediment facies of the West Flower Garden
Bank. Van Veen grab samples and bottom photograrhs
taken by deep sea cameras were used in the exaniration

of the deeper Gypsira-Lithothamnium, Amphistegine and

Quartz-Planktonic Foraminifers facies. Although the
species diversity of the scleractiniang living on the
West Flower Carden Reef is not as great as on other reefs
in the Caribbean, the biota of the pinnacle represencs

a flourishing West Tndian coral reef comrunity.
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Sediment Facies

Diploria~Montastrea-Forites Facles

Description. From the top of the reef structurc

at 10.5 fms (19 m) to a lower limit of approximatelw
22 fms (40 m) on the western end and 27 fms (50 m! on
the eastern end of the maln pinnacle, the scleractinian
assemblage is dominated by the encrusting, dome-shanca

colonies of Diploria strigosa, Montastrea cavernosa,

M. annularis, and Porites astreoides (Figs. 29A, <95,

33A and 33B). The other corals living in this facies,
arranged according to their decreasing abundance, zroe

Madracis asperula, Mussa angulosa, Colpophyllia

natans, Agaricia agaricites, Agaricia fragilig,

Madracis decactis, Agaricia nobilis, Scolymia wellisil,

Oculina sp., and Siderastrea sp. The relief of the

reef surface is extremely irregular with coral heads
extending up to 15 feet (4.4 m) above the smaller

domes and irreqular colonies of coral, sponges &anc
associated reef organisms. Upturned sides of coral
colonies and the development of shingle-like morphology
(Fig. 29B) gives some coral heads an appearance of hein
more massive than they really are, especially when

viewed from above. Numerous small caves are present
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underneath the edges of coral colonies, but none avproach
the cavernous size of those degcribed by Storr (1%:44)
from Abaco Island, Bahamas. Colonies of Millepora and
encrusting calcareous algae cover a large percentace o
the irregular surface not occupied by sclerastinians.
They bind together and strengthen the different siruactur -
al elements of the reef mass.

Occasional patches of coarse sand and gravel flcor
the reef between areas of active growth. The ripnles
present in the sand flats average two feet (60 cm) long
and their crests are capped with gravel size coral and
mollusca debris. The movement of the loose scdiments
during the passage of cold fronts and summer storms
has undercut some of the larger coral heads and polishedd
the exposed surfaces of coral colonies underlying the
detritus. The ability of storm waves to move sediment:
off the reef onto the surrounding sediment apron ex-
plains the apparent fluctuation in the percentages of

sand flats in the Diplorla-Montastrea-Porites Facies.

The ease with which the detritus moves off the pinnacle
is manifested in the lack of sandvy zones on the wastern
end of the reef structure.

Environmental controls. Light intensity, temper=-

ture and the type of substratum are the dominant agerts
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limiting the downward growth of the Diploria-Montastrea-

Porites Pacies. During the summer, maximum light wvaluer
at 10.5 fms (19 m) are approximately 30% of the surface
illumination, while at 27 fms (30 m) they are 2% of tre
surface value. These values are from open ocean sta-
tions and, due to back scatterirg, should be increased
slightly for arcas close to the reef. The shingle-like
corallum, common on the larger coral heads on top of the
reef and univérsally present on the colonies flankincg
the main reef structure, has been interpreted as =&
growth form due to the better development of those
polyps with the maximum exposure to the sun ligh*

(P. Braithwaite, personal communication, 1971).

Minimum temperatures occur on the reef durina the
passage of cold fronts. High winds associated with
these fronts keep the mixing layer at approximataly
55 fms (100 m) during most of the winter; therefore, a
surface value of 18.8°C (the lowest cver recorded for
this part of the shelf) corresponds to 18.2% at 10.°
frs (20 m), 18.1°C at 27 fms (50 m) and 17.7°C at
55 fms (100 m). During the sunmer the 19°¢ isotherm
seldom shoals to depths less than 5% fms (100 m), and

the Diploria-Montastrea-Porites Facles usually fzlls

within the 25-29°C range cof maximum Scleractinia davelorn -

ment (Vaughan and Wells, 1543).
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gcleractinia attached to the sloping flanks of the
reef pinnacle usually survive the periods of reduced
temperature and illumination present during the passaqe
of winter celd fronts. For individuals trying to
colonize the sand and gravel.covered aprons and the
flatter, nodule covered terraces, the combination of a
mobile substratum with the other adverse conditiens
makes survival impossible.

Salinity and oxygen values are essentially con-
stant for the upper 55 fms (100 m) of the Gulf cf
Mexico along the outer Texas-TLouisiana continental
shelf. Water currents, even though they are poorly
understood, are not thought to be restricted to tne
upper 27 fms (50 m), The amount of suspended metearial
in the watesr shows no sharp increase at 27 fms (50 mig
visibility ranges from over 100 fect (31 m) on cloar
days to less than 35 feet (4 m) during pericds of hizn
productivity. Cold water, reduced illumination and
high seas (i.e., mobile sediments) are the main cnviron-

mental agents preventing the Dinlorla~Montastrea-Porite

Facies from colonizing deeper s=ctions of the bhank.
Compared to olher West Indian coral reaf commurni-
ties, the diversity of the Scleractiina ropulation on

the West Flower Garden Reef 1s greatly restricted



{table 6). The reefs offshore from the state of
Veracruz, Mexico, experience as adverse conditlions as
those found at the Texas reefs, yet thelr faunas are
richer than that of the study area (Freeman, 1971..

The most Important factors controlling the Scleractinia
diversity on the Flower Garden Reefs are the disiance
the free floating planula larvae must miarate and their
apility to find suitable substrata once they reach thao
bank (Vaughan and Wells, 1943). The nearest reefs Zrom
which the planula larvae could come are the Campeche
reefs, 375 nautical miles to the south-southeast znd
the reefs between Tampico and Tuxpan, Veracruz, Mexlico,
430 nautical miles toe the southwest. The currents in
the western Gulf are poorly understood, but the large
gyres plotted by Nowlin (1971) suggest that the wcctual
distance a larvae must travel before reaching the West
Flower Gardens greatly exceeds these strailight-lire
distances. The life span of the larvae stage and the
effects of temperature, salinity, food supply, crazin:-
by other organisms and other environmental parareters
on the planula are poorly understood, but it 1s tho gkt
that they determine the survival chances of the coral
larvae. Their survival ability, in turn, contrecls the
diversity of the hermatypic coral fauna on the West

Flower Garden Banhk.
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Stetson Bank, a salt dome structure 30 nauticsal
miles to the northwest of the West Flower Garden Barlc,

contains isolated heads of Siderastrea Sp., Montastrea

annularis, Madracis asperula and Diploria strigosa.

]

These small colonies range in depth from 12 fms (27
to 25 fms (46 m) and are found jrowing on outcrops
of Miccene shales. The sparce colonization of thie
bank by the West Indian coral rcef community s due to
the low temperatures and szlinities which are advorse

to the developrient of coral reefs.

Age and Thickness of the Reef. The maximum ane

of the reef and the thickness of the reef mass can only

be approximated at this time. Betwsen 10,000 anad 11,05

vears B.P. the waters of the Gulf warmed (Currav, 2940
and sometime between 10,000 and 8,000 years B.F. the
seas totally submerged the West Flower Sarden Rank
(Shepard, 1960). The exact date depends on wheiler

or not there is a slender pinnacle of terrigenous, preo-
Pleistocene sediments within the reoef structure. The
lack of lithoclasts and quartsz grains shallower than

27 fms (50 m) suggests a solid carbonate core for Lhe

structure rising above the 27 fmz (50 m) terrace. Al=zc

L

unknown is the date when the Scleractinia and coelcarecus

algae started populating the bank. Assuming the reef



was populated 7,000 years R.P. Dy the West Indlar cor:
reef community and that the prerces consisted of a
level platform, the reef structure is approxinmatel v
100 feet (30 ) thick. This iz well wifthin the
measured growth rates of 1.07 and 0.6 to 0.7 acm/year

for Montaslrea colonles nmeasured by Hoffmeister onl

Multer (1964) and Vaughan (2919}, Mavor (1924, In
Stoddard, 19659) estimated the unward growth for the
entire indo-Pacific coral reef off Pago Pago, Somae,

to be elght mm/vear.

Another possibility for the time wher the coral:s

3.0. It has been postulated that during this time
pericd numercus coral reeis were aqrowling on the outer
margins of the northern Floride and Alabama shelves
(Ludwick and Walton, 1957). The lower seas of =nhld
periocd made the West Flower Garden Bank one or Two
islands, depending on the exact time and corrogoonding
sea level. If the bank was nopulated by hermatyooc
corals during this perlicd they should have forme:d
fringing reefs around the island or islands. Evidenco

1

hese older coral reefs is totally lacking. Tn oron

0]
Fh
+

of the deeper vhotographs from the bhank are raef

structurcs present, nor has coarse, reef derived rubll

164
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heen seen or racovered from the avprovriate denths. Th=
low temperatures, low salinities and high turbidity of
the noaarshore water found around the dome would not ha'r:

supported a West Indian coral reef community durinc lots

i~

leistocene times. Nor does the evidence indicate zhat
the corals presently inhabiting the bank reapresent tho

surviving fauna of a more diverse Plelstocene coral reetf.

Coral Debris Facies

Descrintion. The Coral Debris Facies is essentia’ Ly

a transitional facles between the Diploria-Montastrea-

is restricted to the main pinnacle of the bank. This
facies interfingers with the active coral reef comnuni=zy
with 17 fms (31 m) being the shallowest observed depih
of one of these sediment filled tongues. Unlike the
spur and groove structure found on emergent reefs. the
coral heads growing on the flanks of the tongues curve
gently downward to the sediment, with an average slope
of 45 degrees. Occasionally, vertical drops of un Lo
three feet (1 m) in height arc found between the corel
heads and the scediment. These small cliffs are pro-

duced by the erosion of the base of coral colonies as

the sediment moves downslope. At 25 to 27 fms (446-
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50 m) the organic carbonate dominating the gravel varti-
cles swilitches from the coral hash te the Corallinacese
and foraminifer crusts. The exact depth of the lower
transition fluctuates, depending on the length of tire
between storms and the rate of sediment supply to the

apron.

Gvyosina-Lithothamnium Faciles

Description. The Gypsina-Lithothamnium Facias

ranges in depth from 25 fms (46 m) to 4045 fms

(73-82 m) on both of the larger vninnacles of the West
Flower Garden Bank and nrobablv exists on the smaller
pinnacles 1n thils depth range. At the shallower depths.
the facies 1is composed of "lithcthamnium”™ nodules

(Fig. 27A) with the encrusting Lithothamnium sp. two

to three times as abundant as the encrusting foraminifer

Gypsina sp., Lithophyllum, Lithoporella and Mesophyllum.

At greater depnths the growth form changes to a nlaty

or free crust that blankets the loose sediments.

Table 4 lists the relative abundance of the encrusting
organisms that form the "lithethamnium™ deposits. Toooo
counts represent averages from scveral nodules or frao

crusts with the individual nodules or crusts varving 'n



compesition from nearly 100% onc genus to 100% are

genus. From the number of samples available for t

ther

bis

ctudy, it is impossible to determine if the Sypusinea-

I,ithothamnium Facies replaced an older Lithophyllum-

Lithoporella Facies. At all.seven stations of this

faciers individuals from the different genera wero

[

woven. The generic group lhat forms the outer lave

depends upon its abundance anc not on Lthe age of b

crust.

Environmental concrols. The effect of tampoer

salinity and nutrient supply arc thought to be of
minimal importance in limiting this facles to its
observed depth range. TIllumination and waler turh
are the dominant controlling agents. Light values
shown in figure 13 indicate that Corallinaccae can
build nodules and free crusts in greatly reduced
tevels of illumination while water tTurbulence
controls the shape of the crusts.

Occasional winter northers and summer hurrica
produce the waves necessary to turn over the nodul
found on the terraces at 27 fms (50 m), destroying
attempts of the algae and foraminifera to bind tog
the gravel. This aggitation permiis growth of e

encrusting organisms on all sides of the nodules,

S

-
W

aure,

ulanos

nas

=
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cthex



producing oblong nodules up to 8 c¢m long and € cm wice
which weigh 250 g. The platy, free crusts were recovers:
from depths of 40-45 fms (73-82 m) and, except during
severe hurricanes, werve unaffocted Dy surface waves.

Water currents induced by tides, storms, or gecstroshin
forces are sufficient Lo keep the »lants and protistbans
free of Ffine debris and to sunnly them with needed
nutrients.

Figures 44 zre "in situ' photooraphs of the nodule:

and free crusts found in the Gynsina-Lithothamnium

Facies.

First Transition Facles

Description. Sediment of the First Transition

Facies contains less than 1% cuartz grains, less than

10% Amphisteglina tests and approximately 30% Lithotham-

nium crusts. Thts depth range varies from 28 fmz (31 m)

to 50 fms (91 m) and represents an intermixing of =re

coral deobris, Gypsina-Lithothamnium and Amphistegins

facics.

Amphlstegina Facies

Description. The Ampnisteging Facles rangos Ir

depth from approximately 40 “ms (73 m) to 55 fms (L0700,
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Fig. 44.

Underwater photographs of the Gypsina-
Lithothamnium Facies at station 41.

(A) 3pong colony on nodule covered terrace,

25 fms (46 m) and (B) "lithothamnium"
nodules and free crust, 28 fms (51 m).
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Amphistegina tests form up to “-% of fhe sediment with

the tests varving in appearance fron whole tests o

rounded fragments. The genus Angnisfagins Is found

livina from the top of the recf at 10.5 fms (20 m} Lo
48 fms (88 m). Exceni for sgamplesz from The reef oo,
no atternts were made to £ind nrotopasm in the bas:,
but +ho¢ kests are Ffound athached to Lhe outer crus.:o ov

living Corallinaccae in the Gypsina-Lithothamnium

Pacics (Dr. C. Wylie Poag, personal communication, H71:.
Based on counts of foraminiferal tests, Randy (19:36) ard
Ludwick and Walton (1957} described locally abundant

Amphistegina zones from denths of 30 Lo 58 fms (95~

106 m) in the neoritheast Gulfs of Mexico.

Since Amphistegina is ar abundant foraminife:s in

the shallower parts of the resf and reef apron, tho
tests probably belong to a death assemblage of recontly
living indi:iduals. They may live con bthe exposed bad-
rock and algae found at these dopths and be carriad
into the sandy arcas after death or they may inha»nll
shallower depths and be carried Inftoe the deepsr zones
by local currents. Another important control on the
live—-dead ratios and whether this iz an active deoozi-
tional Facies or a relict Flelstocene one is the growhs

rate of the protistans. If Amphistegina orows ranlliiwy




and has a short lifespan, & sparse living population
might produce a dominant fossil assemblage. Based on

the observations from the study area, the Amphistvegina

Facies is believed to be receiving sediments from
organisms living at this depth and from debris carried
downslope from the shallower facies. Figures 45/ and
45B are bottom photographs of this facies showing fhe
generally sandy bottom with the coarser debris fror
shallower depths irregularly distributed about the
bottom.

At various depths in the Amphistegina Faciles are

outcrops of the uplifted Cenogoic sediments. Figura 464
from 43 fms (79 m) and figure 46B from 45 fms (82 o)

are examples of these exposures. Biodegradation ard
mechanical erosion of these fault blocks account —cor

the lithoclasts and some of the quartz gralns found in

the predomrinantly carbonate sediments of the bank.

Second Transition Facies

Description. The Second Transition Faciles cortalns

sediments with less than 10% cuartz and 10% Amphictegine

remains. It 1s found between the Amphistegina Paciles and

the deeper Quartz-Planktonic Foraminifers Facies ard

the central depression between the twc main pinnacies.
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Fig. 45. Underwater photographs of the Amphistegina
Facies., (A) station 8, 45 fms (82 m) and
(B} station 20, 47 fms (86-m)}.-
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Fig. 46. Underwater photographs of Tertiary (2)
ocutcrops. (A) station 42, 43 fms (79 m)
and (B) station 39, 45 fms (82 m).
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In some locals 1t is a combination of the Gypsina-

Lithothamnium, Amphistegina, and Cuartz-Planktonic

Foraminifers faclies. Outcrops of rocks uplifted by the
salt intrusion are found at various locals in this
facies.

Ouartz~Planktonic Foraminifers Facies

Description. Ranging from 10% silt and fine sand-

size quartz grains ard 10% planktonic foraminifers to a
terrigenous silty-sand with few carbonate sediments,

the Quartz-Planktonic Foraminifers Facles 1s the deepeszst
facies of the study area. The stations of this study
were restricted to the bank (i.e., €4 fms - 117 m), but
it is thought that this facies extends from approximatoly
50 fms (21 m) onto the surrounding shelf. The feramini-
fer tests in the sediment are the remains of free
fleoating specieg currently inhsbiting the waters of

the Gulf of Mexico while most of the guartz grairns are
derived from the drowned Fleistocene beaches that were

formed during the lower sea levels.



SUMMARY AND CONCLUSIONS

Based on the bathymetry, subsurface structures,
fauna, flora and carhonate detritus Zound on the West
Flower Garden Bank, the following concluslons con-
cerning the origin, surface topogravhy and sedimentz
facies of the bank have been drawn:

(1) The temperature range of 18.3% to 29.38%
places the coral reef in the lower end of the
accepted temperature range for coral reef
developmant.

{(2) The Scleractinia polvp can nsuild coral reafs in
light levels as low as 4-6% of the surface
value; the coralline algae deposit well develop-
ed crusts in light levels down to 1% of the

surface illumination and Amphistegina inhebits

the zone between 30% to less than 1% of the
surface illluminatiomn.

(3) Waves from hurricanes and grle fcrce winter
northers are responsible for removing sodlments
un to gravel size off the pinnacle and for agi-
tating the algal nodules, nermitting grewth on

211l sides of the nodules.
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(4) Salinity, oxygen, phosphate, »H and primary
productivity of the wator masses surrounding
t+he bank are not the primary iahibitors “n the
vertical distribution of Scleractinia Liwirg
on the bank. .

(5) The circulation and water masses cver the Texal-
Louisiana shelf are oxtremely coniused due to
either ubwelling or advection of gyres of
foreiqgn water onto the shzlli.

(6) The poorly developed currents in the westors
Gulf of Mexico are rasponsible for Limitling
the diversity of the scleractinlan steclo:s
present on the reet.

(7) Subsurface and sediment-water profiles indicate
that the salt plug keneath the bank upliztec
the prereef sediments, forming a topographic
high on the outer edge of the Texas-Louisiana
shelf.

(8) Based on the prescnce of terraces and cnanjes
in slope, stillstands of the ses during the
last transgression occurrad at ©46-73 fms
(121-134 m) prior to 1&,000 vears DB.F.,

40-45 fms (72-52 m) at L7,00:0-15,C00 vazrs Z.0.,
46-50 fms {(2%-90 m) al 14,000-13,000 vears H.7.,

4y

and 28 fmo (51 m) 13,000-12,030 years 3.0,



(9)

(10)

(11}

(12}

The Diploria-Fontasirca-lorites Facles inhabils

the pinnacle from 1C.5 fms (29 m) te 27 fms
(50 m). The scleractinizn members of “he weso
Tndian reef communitiy prasent on the Werst
Flower Garden Reef are, in order of decreasin.

abundance: Diploria strigosz, Montastrea

annularis, Montastrea cavernose, IPoriten

astrecides, Madracig asperula, Massa SNGUiasa,

Colpophvllia natans, Agoricis sgariclites,

Agaricic fragilis, Madracis decactis, ~gericl:

nokilis, Sceolvmia wellasii, CGouvlina spr. and
b T L

Siderastrea 3.

The reef macss may form the upper 100 feet (30 m)
of the pinnacle, indicaling a growth rate
0.43 cn/vear for the centire reef,

The: Lypsina-Lithotharmnium Facles lives in deplis

from 25 fma (46 m) bo 4A0-40 Zms (V72-82 m)., The

dominant Corallinaceae 1u Lithothampium whoch

together with the loss abundant Litheornhvyl lum,

Lithonorells and Mesophvllur and the encruscing

foraminifer Gvpsina, Torm nedules up te eighi oo
long and six cm wide thal welgh un to 2506 .

An Amphistegina Facies 1s Tound in depths frow

40 fms (73 m) to 5% fmg (130 m) with Amphizstesin

Lhae sodimonta,

—

tests forming un to 7550 of
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(13) The Quartz-rPlanktonic Froraninifera Facias
ranges in depth from 50 fms (91 m) oout anfo
the surrounding shel® with “he quartsz grains

o

-

being rcoworked from blelstotene beaches on
rhe foraminifer tests being deposited Trom

the overlving water.

(14) Rare, ncorlv developed colonles of Dinloc.

strigosa, Montastrea wnnularis, Madracis

asperula and Siderastrea syp. live on Statsan
Bank, 30 nautical miles to the northwost;
but they do not form a real structure. Tre
Fest and West IFlower Garden Banxs are the
sites of the most northerr; well develonad
coral reefs in the Gulf of Mexico.

With the ability of man to live and work bens tfh
the occean surface comes the capability to examino in
detail the processes and resulting structures fornmad
coral reef communities. To this end this study i3z anl
a beginning. This report has examinoed a small, isolalorl]
coral reef situated on the seaword margin of a broaad,
terrigenous continental shelf. 'The environment surronn
ing the active West Indlan coral reedf commur.ity el Tl
bark thal formed the proper foundatlon for the fivot

corals to settle on were described o that the Wers -



Flower Garden Reef and associated sediment facies can 1
used as a model by paleocecologists studying similar,
ancient environments. It 1s hoped that this disserta-
tion will stimulate future studies of the Flower

Garden Banks, that by thorougnly understanding the

reaf and its environment the Flower Garden Reefs can

he preserved for future generations to enjoy.
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APPENDIX

Glossary of Coral Terwms

CALICE. Oral or upper surface of corallite, generalily
bowl-shaped.

COENOSTEUM. Skeletal deposits formed between indivicusl

corallites.

COLUMELLA. Solid or nonsolid calcarecus axial structurs
formed by various modifications of inner edge of

septa; commonly projects into calice in form of a
calicular boss.

CORALLITE. Exoskeleton formed by an individual coral

polyp.

CORALLUM. Exoskeleton of a coral colony or solitary

coral.

COSTA. Prolongation of septum on outer side of coral-

lite wall.

PALUS (pl., PALI). Vertical lamella or pillar developed
along inner edge of certain entosepta, comprising
remnant part of a pair of exosepta joined at their
inner margins.

PATELLATE. Low, solitary corallite with sides expanding
from apex at angle of about 120 degrees.

POLYP. The soft tissue or body of the individual.



PLANULA. Free-swimming larval stage of coral polyp.
SCLERODERMITE. Center of calcification and surrounding
cluster of calcareous fibers; apparent primary

element in septa.

SEPTUM. Radially disposed longitudinal partition of
corallite occurring between or within mesenterial
pairs.

TURBINATE. Solitary, horn shaped corallite with sides

expanding from apex at an angle of about 40 cegrees.
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